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FOREWORD

General military specifications and military standards are
top-level poD standardization documents. They are prepared in
accordance with poD directives to establish a formal corporate
memory of good practices and requirements. In some cases they
are referenced in government regulations to impose internal
compliance on government organizations. More typically, these
DoD standardization documents are intended for reference in
contracts as compliance documents for imposing the good
practices and other stated requirements oNn contractors.
Although these roles are broad, many facet6 of engineering
technical data that are important to program success are not
appropriate for inclusion in these formal DoD standardization
documents. These added facets of information may be documented
in technical reports or, a6 in this case, in military handbooks.

This military handbook is intended to document additional
facets of engineering technical information pertinent to the
requirements stated In MIL-STD-1540B,"Test Requirement6 for
Space Vehicles. » As a technical reference, this handbook should
provide the basis for achieving a consistent technical approach
for tailoring MIL-STD-1540B requirements, where approi)rlate, and
may also provide the bases to justify deviations or alternative
approaches where they are appropriate. Each major subsection of
this handbook addresses a subject taken from MIL-STD-15408.
Remember that the information included herein is for general
guidance; it need not be followed if it doe6 not accommodate the
requirements of the program. In the case of difference6 between
this handbook and the requirements of MIL-STD-1540B, the
requirements of MIL-STD-1540B should take precedence.

Some guidance regarding format, presentation, and
organization of material in this military handbook seems
advisable. The handbook has the same organization as a military
standard, i.e., the first three sections are: Section 1, Scope,
Section 2, Referenced Documents, and Section 3, Definitions.
Sections 4 through 12 generally follow the sequence of material
in MIL-STD-1540B, although two or more subject6é or paragraph8 of
MIL-STD-1540B are often linked and discussed in one major
section or subsection of this handbook. Thus. the section.
subsection, and paragraph numbers of this handbook do not
correspond to the paragraph numbers of the standard. However,
exact references are given in the handbook to the corresponding
paragraph numbers of MIL-STD-1540B.

(Continued)
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FOREWORD (Continued )

) For the convenience of the users of MIL-STD-1540B. Table XXI
in Section 13 of this handbook provides a cross-reference from

“the primary MIL-STD-1540B paragraph number6 to the corresponding
paragraph numbers of this handbook.

Each major subsection of this handbook addresses a subject
area of interest. Each subject area is organized into three
major paragraphs. The first paragraph is titled "standard
Criteria,” and it quote6 the text of the MIL-STD-1540B
paragraph6 which are discussed. This allow6 the reader to use
this handbook without constant reference to the standard, making
it easier and more efficient to use. Also, for the convenience
of the reader, the text quoted from MIL-STD-1540B is printed in
italic6 to distinguish it from the text of the handbook. The
second major paragraph is titled “Rationale for ...." and it
contain6 background information such as the purpose ar re%sogs
for the subject area requirement6 in the standard. The thir
major paragraph is titled »Guidance for Use of . . ..* and it
contain6 the information intended to aid the reader in the

detailed application of the MIL-STD-1540B requirements for that
subject area.
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SECTION 1
SCOPE

1.1 GENERAL

This handbook provides additional information pertaining to
the test requirements of MIL-STD-1540B, "Test Requirements for
Space Vehicles. »* This handbook includes information only on
those test requirements for which additional explanations and
guidance have been developed beyond that given in
MIL-STD-1540B. Section 13 of this handbook provides an index
and a cross reference from MIL-STD-1540B paragraph numbers to
the corresponding paragraph numbers of this handbook. Further
information and additional sections may be developed and added
to the handbook in future revisions.

1.2 PURPOSE

This handbook was written to provide explanations and
guidance to the users of MIL-STD-1540B. The information
presented herein is intended to aid in the formulation and
review of the detailed test requirements for space vehicles
including the tailoring of MIL-STD-1540B requirements into
specific program specifications or contracts.
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SECTION 2
REFERENCED DOCUMENTS

2.1 GOVERNMENT DOCUMENTS

2.1.1 Specifications. Standards. and Handbooks. Unless
otherwise specified, the following specifications, standards,
and handbooks of the issue listed in that issue of the
Department of Defense Index of Specifications and Standards
(DoDIss) specified in the solicitation form a part of this
standard to the extent specified herein.

SPECIFICATIONS:

STANDARDS

Military

MIL-STD-810 Environmental Test Methods and
Engineering Guideline6

MIL-STD-1522 Standard General Requirements for Safe
Design and Operation of Pressurized
Missile and Space Systems

MIL-STD-1540B Test Requirements for Space Vehicles

2.1.2 Other Government Documents, Drawings, and
Publications. The_fol_lowin? other Government documents,
drawings, and publications form a part of this standard to the
extent specified herein.

NASA S69-1117 Leakage Testing Handbook

(Copies of specifications, standards, handbooks, drawings, and
publications required by contractors in connection with
specified acquisition functions should be obtained from the
contracting activity or as directed by the contracting officer.)

2.2 ORDER OF PRECEDENCE

In the event of a conflict between the text of this
handbook and MIL-STD-1540B, the MIL-STD-1540B requirements shall
take precedence .
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SECTION 3
DEFINITIONS

~ The definitions of terms used im this handbook are the same
as in MIL-STD-1540B. RAdditional terms are as defined in

MIL-8TD-1522.
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SECTION 4
APPLICATION OF TEST REQUIREMENTS

4.1 APPLICATION TO OTHER VEHICLES

4.1.1 Standard Criteria. Contents of Paragraph 1.2 of
¥IILI-STD-154OB (the intended application of the standard), are as
ollows:

1.2 APPLICATION

The tailored application of these test requirements
to a particular space program is Intended to assure a high
level of confidence in achieving a successful space
mission. This standard is intended for use in the
procurement of space vehicle hardware, including space
vehicles and afrborne support equipment that remain in the
space shuttle orbiter during orbital flight, as well as
orbital satellites.

4.1.2 Rationale for Application of Test Requirements.
The test requirements specified are a composite of those tests
currently used in achieving successful military space missions.
MIL-STD-1540B therefore establishes a standard test baseline
applicable to all space vehicles. However, it is intended that
the test requirements for use on a particular space program
should be tailored to the specific vehicle or project,
considering the realistic environmental life cycle, design
complexity, state of the art, mission criticality, and _
acceptable risk. ©0f course, any dprogram may find it revealing
to make comparisons of its planned test program to these
established baselines, regardless of the contractual
requirements.

4.1.3 Guidance for Application of Test Reauirements to
Other Vehicles. [In addition to the use of the stated baseline
test requirements for military space vehicle and airborne
support eguipment, the tests in MIL-STD-1540B are stated in
terms of design and operating environments. That means that the
test requirements often can be applied directly to other types
of vehicles . or they can be easily modified to apply to other
txpes of equipment requiring high reliability. In particular,
the qualification and acceptance test requirements for
components of space vehicles (Paragraphs 6.4 and 7.3 of
MIL-STD-1540B) often are directly applicable to components of
other types of vehicles. For example, the component test
baselines usually can be applied directly to testing components
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of missiles, launch vehicles, and injection stages. The space
vehicle tests (Paragraphs 6.2 and 7.1 of MIL-STD-1540B) may also
be tailored for testing of launch vehicles and injection

stages. The major considerations in these cases are the
differences in the environmental life cycle and the service life
of the different vehicles. For example, the service life of an
injection stage is from several minutes to several days versus
only minutes for expendable launch vehicles, while the service
life of a military space vehicle may be 10 years or more.

4.2 QUALIFICATION BY SIMILARITY

4.2.1 Standard Criteria. MIL-STD-1540B does not directly
address criteria for the qualification of items by similarity:
however, it does provide the standard test baselines for
comparison.

4.2.2 Rationale for Qualification by Similarity. The
continued production and use of items designed for space
vehicles of one program on space vehicles of another program is
of interest to every program office. Not only are the design,
tooling, and qualification costs eliminated for subsequent
programs, but the continuing usage of the same item increases
the confidence in the item’s reliability. Of course, to
accommodate specific requirements of another program, it may not
be possible to use the same exact item, so there may be changes
required in the item or in its testing. If those changes are
within reasonable bounds, then qualification of the revised item
by similarity should be considered.

4.2.3 Guidance for Qualification bv Similarity

4.2.3.1 component Criteria. If component "a" is to be
considered as a candidate for qualification by similarity to a
component "B" that has already been qualified for space use,
then all of the following condition6 should apply:

a. Component "A"should be a minor variation of
component "B." Dissimilarities will require
understanding and evaluation in terms of weight,
mechanical configuration, thermal effects, and
dynamic response. Minor design changes involving
substitution of piece parts and materials with
equivalent reliability i1tems can generally be
tolerated. Design dissimilarities resulting from
addition or subtraction of piece parts and
particularly moving parts, ceramic or glass
parts, crystals, magnetic devices, and power
conversion or distribution equipment should be
given priority attention in the evaluation.
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b. Components "aA" and "B" should perform similar
functions, with "B" having equivalent or greater
operating life with variations only in terms of
erformance such as accuracy, sensitivity,
ormatting, and input-output characteristics.

C. Components "a" and "B" should be produced by the
same manufacturer using identical tools and
manufacturing processes.

d. The environments encountered by component "B®
during its qualification or flight history should
have been equal to or more severe than the
gualification environment6 intended for component
IIA.ll

e. Component "B* should have successfully passed a
post-environmental functional test series
indicating survival of the qualification stresses.

f. Component "B" should have been a representative
flight article.
g. Component "B" should not have been qualified by
similarity or analysis.
4.2.3.2 Criteria for Other Items. In some cases, the
item to be qualified by similarity is not a component but is
some other level of assembly, such a6 a subsystem. In that

case, the criteria for the i1tem to be qualified by similarity
would be the same as though the item were a component (see
Paragraph 4.2.3.1).

4.2.3.3 Partial Testing. It is recognized that in some
cases, where all the criteria in Paragraph 4.2.3.1 are not
satisfied, qualification based on engineering analysis plus
Bartial testing may be permissible. In this case, negotiation
etween the contracting officer and the contractor may result in
an abbreviated testing program satisfactory for qualification of
the component ok item in question. The acceptability of
qualification by similarity should be documented by test
reports, drawings, and analyses. This justification or proof of
gualification should be prepared in data packages and submitted
to the contracting officer as required by the contract. The
contracting officer usually has the final decision as to the
acceptability of qualification by similarity, and the burden of
proof of qualification is the responsibility of the contractor.
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SECTION 5
DEFINITION COMMENTS

5.1 DESIGN ENVIRONMENTS

5.1.1 Standard Criteria. Contents of Paragraphs 3.8,
3.9, 3.12, and 4.2.2 of MIL-STD-1540B (definition6 of design
environments, design margins, and requirements for tolerances)
are presented in order to provide guidance regarding the
interaction of these parameter6 and their effect on the test
requirement6 of space vehicle6 and components.

3.8 DESIGN ENVIRONMENTS, SPACE VEHICLE

The design environments for a space vehicle are the
composite of the various environmental stresses to which
the space vehicle must be deslgned. Each of the design
environments fora space vehicle is based upon:

a. The maximum and minimum predicted environments
during the operational life of the space
vehicle, plus

b.  An environmental design margin (see 3.12) that
increases the environmental range to provide an
acceptable level of confidence that a fatlure
will not occur during the service life of the
space vehicle.

3.9 DESIGN ENVIRONMENTS, SPACE VEHICLE COMPONENTS

The design environments for space vehicle components
are the composite of the various environmental stresses to
which the space vehicle hardware components must be
designed. Each of the design environments for a space
vehicle component is based upon:

a. The maximum and minimum predicted environments
during the operational life of the conponent, or
for temperature, a standard thermal range
between -24 deg C and +61 deg C when the
predicted range is less severe, plus

b.  An environmental design margin (see 3.121 that
Increases the environmental range toprovide an
acceptable level of confidence that a failure
will not occur during the service life of the
-component (see 3.37).
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3.12 ENVIRONMENTAL DESIGN MARGIN

An environmental design margin for an item is an
increase in the environmental range used for the design
(and for the qualification testing) of an Item to reduce
the risk of an operational failure. It may Include
increases in 'the maximum levels, decreases in the m nimum
levels, and increases in the time exposure to the extreme
levels. The environmental design margin is intended:

a.  Xo accommodate differences among qualification
and flight untts due to variations in parts,
materials, processes, manufacturing, testing,
and degradation during useage;

h.  To incorporate the allowable test condition
tolerances;

c. o avoid qualification test levels that are less
severe than the acceptance test ranges or
operating ranges;

d.  To help assure against fatigue failures due to
repeated testing and operational use.

Unless otherwise specified, the test condition
tolerances allowed by this standard are assumed to be
incorporated in the environmental design margin. For
example, space vehicle i1tems are designed, unless
otherwise specified, to thermal environments 10 deg C
higher and 10 deg C lower than the maximum predicted
thermal -ranges fsee 3.25). This 10 deg C environmental
design margin includes ax 3 deg C tolerance for
acceptance test conditions and a + 3 deg C tolerance for
qual if ica tion test condt tfons.

Unless otherwise specified, space vehicle itens are
also designed to acoustic noise and random vibration
environments that are 6 d8 above the maximum predicted
levels. This 6 48 environmental design margin for
acoustic noise and random vibration includes a ¢ 1.5 dB
tolerance in the overall level (integrated root mean
square value over the total frequency range of the test
spectrum) for acceptance test conditions and a + 1.5 d8
tolerance for qualification test conditions.

when the qualification or acceptance tests are

controlled using test condition tolerances with magnitudes
less than specified herein (3 deg C or 1.5 d8), the

10
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environmental design margins (10 deg C or 6 d8) may be
reduced accordingly. For example, 1f qualification and
acceptance acoustic tests were both controlled to + 1.0
a8, the design margin would be s 48 instead of 6 ds. IT
larger test condition tolerances are allowed, then the
design margins would be increased accordingly.

Other environmental design margins applicable tO
space vehicle items include 6 dsfor shock 6d8 for
sinusoidal vibration, a factor of 2 for launch or
injection acceleration, and a factor of 1.25 for maximum
acceleration of deployed components on a spinning space
vehicle.

Another element of the environmental design margin
Is the time the item is exposed to the design
environmental levels. an Increase in exposure time oOr
number of cycles over that expected In operation is
usually specified for virration and acoustic design
environments tOo Increase confidence that wearout or
fatigue failures will not occur. Of course, the
environmental design margins may be changed to either
higher or lower levels, or to longer or shorter exposure
times, depending UPON specific program requirements and
allowable risk.

4.2.2 Test condi tion Tolerances

The test condition tolerances allowed by this
standard shall be applied to the nominal test values
specified. Unless otherwise specified, the followin
maximum al lowable tolerances on test conditions Shal

apply.

Temperature t 3degC
Pressure
Above 1.3_x 102 pascals (1 Torr) + 10 percent
1.3 x 207! to 1.3 x 102 pascals + 25 percent
(0.001 Torr to 1 fTorr)
Less than 1.3 x20-! pascals + a0 percent
{0 .00) Torr)
Relative Humidity + § percent
Acceleration + 10 percent

11
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vibration Frequency

+ 2 percent
Sinusoidal vibra tion Amplitude + 10 percent
Random Vibration Acceleration
Power Spectral Density
20 to. 500 Hz (25 Hz oOr narrower) + 1.5 a8
500 to 2000 Hz (50 Hz Or narrower) + 3.0 a8
Random oOverall grms + 1.5 dB
Sound Pressure Level
1/3 Octave- Band +3.04d
Overall + 1.5dp
Shock Response Spectrum (Q = 10)
1/6 Octave Band Center + 6 dB with 30 percent
Frequency Ampli tude of the response spectrum
center frequency amplitudes
greater than nominal test
specif fcation
static Load + 5 percent

5.1.2 _Rationale for Definitions of Degign Environments.
The environmental levels to which an item should be qualified
are the same as the design environmental levels for the item.
These design environmental levels are typicaIIY based upon the
maximum and minimum Fredicted environmental levels for an item
during its operational life plus the appropriate environmental
design margin. The maximum expected extremes of the operational
environments are defined in Paragraphs 3.8 and 3.9 of
MIL-STD-1540B. A standard operating thermal range of -24 deg C
to +61 deg C is usually used for components when the maximum
predicted operating range is less severe. The environmental
design margins specified are primarily intended to incorporate
the allowable test condition tolerances and to accommodate any
differences among production units. The environmental design
margins are also intended-to-assure qualification test levels
that are more severe than the maximum operating ranges that can
-occur in flight and help assure against performance degradation
and fatigue failures due to repeated acceptance testing and
operational use. For example, the 10 deg C environmental design
margin specified in MIL-STD-1540B makes the standard thermal
design range for components from -34 deg C to +71 deg C. This
standard design range for space components is similar to that
used for aircraft subsystems and therefore should not impose
unusual design problems in most cases. In addition, this
standard design range encourages the development of standard

12
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nodul es, provides a very revealing test screen for defective
conponents, allows conponents to be noved to other |ocations on
a spacecraft w thout affecting qualification, and may allow the
use of a qualified conmponent on other spacecraft w thout
requalification.

5.1.3 Guidance for Application of Desiagn _Environnents.
Envi ronnental acceptance tests of space vehicles and conponents
are intended to aid in detecting workmanship and materia
problens and to verify proper functioning during exposure of the
itens to environmental |evels equal to the naxi mum extremes
predicted during their operational Ilife. The differences
bet ween the environmental |evels used for acceptance testing and
for qualification testing are therefore the specified
environnental design nmargins. Were qualification equipnment is
used for flight, the standard environmental design margin6
shoul d be reconsidered, as discussed in Section 11 of this
handbook.

As used in MIL-STD-1540B, environmental design margins may
be interpreted to be the same as qualification test margins.
The margins are added environnental exposure in anplitude (e.g.
tenperature level or vibration anplitude) and, in the case of
dynam ¢ environnents, exposure duration. The design margin is
intended to dimnish the risk of operational failure due to
manufacturing variations in flight hardware which mght produce
| ess resistance to failure than the qualification specinmen
Also, the nmargin6é assure that the hardware will be flightworthy
following repeated acceptance tests, should they be necessary,
and they ensure the capability for retest necessitated by rework
and repair6 without the risk of fatigue failure. If
qualification hardware is to be used for flight, consideration
should be given to the fatigue life as it relate6 to the design
mar gi n.

To assure that mninum design (qualification) test margin6
are mmintained, consideration is given to the effect of test
t ol erance6 on margins. The contribution of tolerances to the
margin determnation process is described in detail in
Paragraph 3.12 of M L-STD 15408B. The nom nal nmargins generally
specified nay be decreased as long as test tolerances are
commensurately tightened. The tolerances in Paragraph 4.2.2 of
MIL-STD-1540B permt Variation in test anplitude6 from Specified
values in recognition ofgenerally attainable test control
capabilities. The interaction between nmargins and tol erance6
should be recognized in order to avoid unrealistically tight
t ol erances which would be required if test margins were
excessively reduced.

The maxi num exposure tine for acceptance random vibration
tests, so as to not exceed the fatigue damage potential of the

13
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qualification test, is strongly .influenced by therel ation
between the qualification and -acceptance test levels. | f
gualification test margins are relatively low, the number of
allowable acceptance tests which can be repeated before the
fatigue strength may-be exceeded, as demonstrated by the
gualification test, is seriously limited. This interaction
should be considered in evaluating environmental qualification
test margins. Further details of retest limits are provided in
Section 6.3 ‘of this handbook. -

5.2

$.2.1 Standard Criteria. contents of Paragraphs 3.18 and
3.46 of MIL-STD-1540B (definitions of limit load and ultimate
load) are as follows:

3.18 LIMIT .LOAD

The 1imit load is the maximum anticipated foad, or
combination OF loads, whicha structure may be expected to
experience during the performance of specified missions in
specifi ed environments. Since the actual loads that are
experienced In service are in part random in nature,
statistical methods for predicting limit loads are
employed wherever appropriate.

3. 46 uvrLriMare L 0AD

rhe ultimate load is the maxtmum Sstatic ioad to which
astructure is designed. It iIs obtained by multiplying
the mit load (see 3.18) by the ultimate factor of
safety.

5.2.2 Rationale for Definitions of Limit and Ultimate
Loads. The prime objective of the structural design process is
to have a structure ca;ljable of functioning satisfactorily at the
most severe operational loads and environmental conditions.
Prediction of the extreme worst case anticipated loads takes
into account environmentally induced loads and pressures, their
time and phase relationships, frequencies, durations,
statistical characteristics, and the manner in which various
load sources combine. The worst case anticipated service loads
are termed limit loads and are intended to represent a low
robability extreme event. In case of uncertainty in dynamic
oad sources and dynamic structural characteristics, an
%lncgrtainty factor is usually incorporated when defining limit
oad.

In order to ensure satisfactory operation at limit load, it

is required that the structure be capable of withstanding limit
load conditions without gross vyielding or, for conditions more

14
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severe than limit load, without catastrophic failure, such as
‘rupture or collapse. Such extreme conditions may arise from
inaccuracies in analysis and verification testing, structural
discrepancies, and variations in material and structural
properties. Compensation for these variations is provided by
the factor of safety. The ultimate loads therefore equal the-
limit loads multiplied by the ultimate factor of safety.

5.2.3 Guidance for Application of Limit and Ultimate
Loads. Limit load and ultimate load are the critical design

and test load levels in the structural integrity verification
process. Structural adequacy of design is demonstrated by
8ua|nf|cat|qn tests conducted on flight quality hardware as
escribed in Paragraph 6.3.1 of MIL-STD-1540B for general
(nonpressurized) structures and Paragraph 6.4.10 for pressure
vessels. Success criteria for the qualification test include as
primary requirements that the structure sustain limit loads
without any gross %ielding or detrimental deformation and
ultimate loads without rupture or collapse. If limit and
ultimate load tests are required for qualification of
pressurized structures, including main propellant tanks and
solid rocket motors, they must be conducted at the most critical
combinations of external loads and internal pressure. This
requirement is detailed in MIL-STD-1522.

Frequently, in order to establish additional confidence in
the design, yield load (limit load times the yield factor of
safety) is used in place of limit load. In such cases, the
structure is required to sustain yield loads without excessive
yielding or detrimental deformation.

5.3 ACOUSTIC ENVIRONMENT

5.3.1 Standard Criteria. Content6é of Paragraph 3.20 of
MIL-STD-1540B (definition of maximum predicted acoustic
environment) is as follows:

3.20 maxrMuy PREDICTED ACOUSTIC ENVIRONMENT

The maximum predictedacoustic environment Is the
extreme value of fluctuating pressure occurring on the
external surface of the space vehicle which occurs during
liftoff, powered flight, or reentry. The maximum
Bredlcted acoustic environment test spectrum is specified
ased on one-third octave bands over a frequency range of
32to 10,000 Hertz (#z). The duration of the maximum
environment is the total period when the overall amplitude
is within 6 d8 of the maximum overall amplttude. Where
sufficient data are available, the maximum predicted
environment may be derfved using parametric statistical
methods. The data must be tested to show a satisfactory

15
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fit to the assumed underlying distribution. The maximum
predicted environment i1“s defined as equal to or greater
than the value at the ninety-fiftk percentile value at
least 50 percent of the time. Where there are less than
three data samples, a nininum margin of 3 dB is applied tO
the prediction to account for the variability of the
environment.

5.3.2 Rationale for Definition of Maximum Predicted
Acoustic Environment. The acoustic environment experienced by
a space vehicle is the forcing function which produces most of
the vehicle vibration response at frequencies greater than 50
Hz. The relative contributions of the forcing function
producing these vibration responses are dependent on the launch
vehicle, the space vehicle configuration, and the particular
location of interest. Vibration requirements for components on
Space vehicles, therefore, are nearly always linked directly to
the acoustic environment to which the vehicle is exposed. The
vibration criteria for a payload would be based on the acoustic
level within the payload conpartnent but external to the
payl oad. Fok l aunch vehicles it would be based on the |evel
external to the applicable |launch vehicle equi pment zone. The
acoustic environnent is generally near maximum |levels for
approxi mately 10 seconds at |aunch due to ground-reflected
acoustic energy emanating from the exhaust flow. Duri ng
transonic and naxi mum dynam c pressure regions of flight,
acoustic levels conparable to launch levels can exist for up to
30 seconds. Acoustic environnents during these tine periods can
have | arge spatial variations. Consequent |y, acoustic design
criteria for space vehicles are sonetine6 defined by zones.

More Commonly. however, a single criterion is defined which
represents the maxi mum environnment in one-third octave bands to
whi ch any vehicle surface is expected to be exposed. The goal
is to define the maximum level in statistical terns as discussed
in Paragraph 3.20 of M L-STD 1540B. Seldom however, does
sufficient data exist to allow performance ofrigorous
statistical analysis. Nevert hel ess, the nmaxi mum expected
acoustic environment is usually devel oped considering variations
such as different |aunch pads, different trajectories. spatial
variations within the launch vehicle payload conpartnment, and in
sone cases different |aunch vehicles.

5.3.3 @idance for Application of Maximum Predicted
Acoustic_Environment. Generally, as stated in Paragraph 5.3.2,
the maximum predicted acoustic environment represents the
highest environment to which any vehicle surface is expected to
be exposed. A single maximum environment definition is the
preferred approach for most programs. This results in |ower
cost test progranms and sinplifies definition of the design
criteria. In sonme cases, however, this may require significant
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overdesign of many elements of the vehicle. For example,
currently in the Space Transportation System (STS) orbiter cargo
bay, a high intensity local environment exists near the car?o )
bay vents. For cases such as this, it may be more cost-effective
to design only the hardware located near the vents for the local
high intensity environment. However, the testing necessary to
simulate this could be more costly, since most acoustic test
facilities are geared to provide uniform environments.

Additional test equipment and special test procedures would be
needed to produce a local more intense environment.

5.4 PYROTECHNIC SHOCK ENVIRONMENT

5.4.1 Standard Criteria. Content6 of Paragraph 3.22 of
MIL-STD-1540B (definition of maximum predicted pyrotechnic shock
environment) is as follows:

3.22 MaxIMuM_PREDICTED pYRo swock ENVIRONMENT

The pyro shock envfronment imposed on the space
vehicle components is due to structural response when the
space or launch vehicle electro-explosive devices are
activated. Resultant structural response accelerations
resemble the form of superimposed complex decaying
sinusoids which decay to a few percent of their maximum
acceleration in 5to15 milliseconds. The maximum
predicted pyro shock environment is specified as a maximum
absolute shock response spectrum determined by the
response of anumber of single-degree-of-freedom systems
using ¢ = 10. The @ is the acceleration amplification
factor at the resonant frequency for a Ilghtly damped
system. This shock response spectrum is determined at
frequency intervals of one-sixth octave or less over a
frequency range of 100 to 10,000 Hz. where sufficient
data are available, the maximum predicted environment may
be derived using parametric statistical methods. The data
must be tested to show a satisfactory fit to the assumed
underlying distribution. The maximum predicted
environment is defined as equal to or greater than the
value at the ninety-fifth percentile value at least 50
percent of the time. Where there are less than three data
samples, a minimum margin of 4.5dBis applied to account
for the variability of the environment.

5.4.2 Rationale for Definition of Maximum Predicted
Pyrotechnic Shock Environment. Pyrotechnic shock environment6
have caused flight failures of equipment in space vehicles. The
pyrotechnic shock environments have large variations in
amplitude over the ran%e of equipment mounting locations in a
typical spacecraft. Shock levels vary strongly as a function of

17



MIL-HDBK-340 (USAF)
01 JuLy 1985

structural path length and structural joints between the device
or event generating the shock and equipment locations.
Typically, experimental data will show large attenuation of
higher frequency components of the shock spectra. For complex
spacecraft structures, it is not unusual for peak shock spectrum
amplitudes at frequencies in the 2000 to 10,000 Hz range to be
reduced by 20 dB from source levels in a distance of a few

feet. In repeated tests of an identical-test configuration on
well-designed space vehicles, data from a given location will
show test-to-test variations of plus and minus 6 daB. For these
reasons, It is very important to give careful consideration to
the determination of, and philosophy to be used in, establishing
maximum expected shock environments.

5.4.3 Guidance for application of Maximum Predicted
P%(rotechnic Shock Environment. Maximum predicted pyrotechnic
shock environments can be defined in several ways. As discussed
in Paragraph 3.22 of MIL-STD-1540B. it is desired that the
maximum predicted value represent a ninety-fifth percentile
value. Given that sufficient data are available, this can be a
value defined for a specific location or for a given zone of a
vehicle. Zonal requirements are preferred and are likely to be
more cost-effective on multiple vehicle programs, because this
approach minimizes the amount of requalification when changes
are made. On multiple programs, changes from one vehicle to
another usually occur which alter the shock environment for
individual components but which may not significantly change the
zonal environment. These changes include such items a6 the
relocation of components, modifications to ordnance devices,
preloading in separation hardware, and structural redesign. A
penalty of this approach is possible overdesign of those
components which may be in a quiet area of the zone. Ona
single vehicle program, it may be more cost-effective to tailor
the maximum predicted shock’environment for individual
components or small groups of components, based on their
proximity to shoek-generating devices.

5.5 RANDOM VIBRATION ENVIRONMENT

5.5.1 Standard Criteria; Contents of Paragraph 3.23 of
MIL-STD-1540B (definitions of maximum predicted random vibration
environments) are as follows: :

3.23 maxzmuy PREDICTED RANDOM VIBRATION ENVIRONMENT -

The random vibration environment imposed on the space
vehicle components isdue to the 1iftoff acoustic £ield,
aerodynamic excitations, and transmitted structure-borne
vibratfon. The maximum predicted random vibration
environment is specified as a power spectral density,

18



NIL-HDBK-340 (USAF)
01 JULY 1985

based on a frequency resolution of 1/6 octave (or
narrower) bandwidth analysis, over a frequency range of 20
to 2000 Hz. Adifferent spectrum may be required for
different equipment zones or for different axes. The
component vibration levels are based on vibration response
measurements made at the component attachment points
during ground acoustic tests or during flight. The
duration of the maximum environment is the total period
during flight when the overall amplftude is within 6 dB of
the maximum overall amplitude. Where sufficient data are
available, the maximum predicted environment may be
derived using parametric statistical methods. The data
must be tested to show a satisfactory f£itto the assumed
underlying distribution. The maximum predicted
environment is defined asequal to or greater than the
value at the ninety-fifth percentile value at least 50
percent of the time. Where there are less than three data
samples, aminimum margin of 3 dB is applied to account
for the variability of the environment.

5.5.2 Rationale for Definition of Maximum Predicted Random
Vibration Environment. The maximum predicted vibration
environments are principally used as design and testing
requirements for components and subsystems. Often, for

rocurement of long lead items, the vibration environments must
e established well before the vehicle structural design has
matured. Information available to establish prediction6 is
usually very limited. The variability of the environment is
great, considering the large number of parameters which
influence levels for any given component location. Cost and
schedule impact6 incurred if levels are raised after release of
procurement contracts may be substantial. For these reasons,
considerable care and foresight are needed in establishing
maximum predicted vibration environments.

5.5.3 Guidance for Application of Maximum Predicted
Vibration Environment. Vibration environments in space vehicle
structure6 at frequencies above approximately 50 Hz are
primarily the result of an acoustic forcing function. The
vibration environment in a given vehicle will be proportional to
the level of acoustic excitation. Vibration levels throughout a
vehicle are highlly variable and dependent upon factors such as
orientation, local resonances, damping, structural mass loading,
and degree of coupling with adjacent structures. In
establishing a maximum predicted environment, one must decide
whether this is to be the maximum environment for a specific
axis, for a specific location, for a given zone, or possibly the
maximum for the entire vehicle or family of vehicles: Selection
of the correct maximum vibration environment for a particular
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program situation will be dependent on consideration6 such as
the number of vehicle6 in the program, the design maturity of
the vehicle, available test data, and in some cases even the
design and qualification status of available component6 and
subsystems. It is recommended that a zonal approach be followed
in establishing maximum predicted vibration levels. In general,
the practice of establishing vibration levels for individual
component6 for specific location6 should be avoided. EXxperience
on past program6 ha6 shown that it can lead to numerous
specification change6 late in the program and costly retests.

56 THERMAL UNCERTAINTY MARGIN

5.6.1 Standard Criteria. Content6 of Paragraph6 3.25 and
3.45 of MIL-STD-1540B (definition6 of maximum and minimum
predicted con1Bonent temperature and thermal uncertainty margin)
are provided below. These definition6 are presented in order t o
show the relationship between the maximum and minimum predicted
component temperature6 and the thermal uncertainties.

3.25 maxrmuy AND mrnrmud PREDICTED COMPONENT TEMPERATURES

The maximum and minimim predicted component temperatures
are the highest and lowest temperatures that can be expected
to occur on each component of the space vehicle during all
operational modes including an uncertainty factor. The
component temperatures are predicted by an analytical thermal
model for all operational modes. This analytical model
includes the effects of worst case combinations of equipment
operation, internal heating, space vehicle orientation, solar
radiation, eclipse conditions, ascent heating, and
degradation of thermal surfaces during the life of the
mission. The analytical model used in this prediction is
usually validated by aspace vehicle thermal balance test
under the worst case operational modes. An appropriate
margin for uncertainties is applied to the extreme component
temperatures predicted bg the analytical model, even after
validation by a thermal balance test, to obtain the maximum
and minimum predicted temperatures. This margin accounts for
uncertainties In parameters such as complicated view factors
surface properties, contamination, radiation environment,
joint conduction, and inadequate ground simulation. Because
of these uncertainties, an uncertainty margin (see 3.451 of
at least 11 deg C is included in all cases In determining the
maximum or minimum predicted temperatures for space vehicle
components. This 11 deg C thermal margin is applied to the
temperature predictions made after the qualification thermal
balance test. This implies that even larger thermal margins
are required at the beginning of aprogram to accommodate
changes that typically evolve from preliminary design to the
final product. -
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3.45 THERMAL UNCERTAINTY MARGIN

A thermal uncertainty margin is included in the
thermal analysis of space vehicles to account for
uncertainties in parameters such as complicated view
factors, surf ace properties, contamination, radiation
environments, joint conduction, and inadequate ground
simulation. For components that have nothermal control ,
or have passive thermal control, the maximum predicted
component temperatures should be atleast 1l deg C above
the maximum temperature estimated for each component based
on measurements and analysis, and the minimum temperature
should be atleast 11 deg C below the minimum temperature
estimated for each component based on measurements and
analysis. The 11 deg C is the thermal uncertainty margin
for the component. For active thermal control subsystems,
a remaining control authority of at least 25 percent for
either or both hot and cold ltmits is specified as the
thermal uncertainty margin. 1 eisused to provide a
control margin equivalent to the 11 deg C uncertainty
margin specified for passively controlled components. For
example, if a 100 watt capacity proportional control
heater Is used, it should operate at 80 watts or less to
maintain the component above the minimum predicted
temperature. The duty cycle should be less than 80
percent for an on-off heater. A control authority margin
in excess of 25 percent should be demonstrated in cases
where an 11 deg Cchange in the analytically predicted
component temperatures would cause the temperature of any
part of the actively controlled component to exceed an
acceptable temperature limit.

5.6.2 Rationale for Definition of Thermnal Uncertainty
Margin. Reasons for wutilizing an uncertainty margin are
di scussed in Paragraphs 3.25 and 3.45 of M L-STD 1540B
Conpari son of tenperature predictions with actual flight data
for various spacecraft over the year6 shows that about 95
percent of flight tenperature6 have been within + 11 deg C of
the values predicted by the analytical thermal nodel. Thus, the
+ 11 deg C uncertainty margin has been shown by experience to be
necessary in order to assure high confidence that flight
tenperatures will not exceed the maxi num and m ni mum predicted
conponent tenperatures. For active thermally controlled
conponents, a heater margin of 25 percent is specified in lieu
of « 11 deg Cnargin specified for passively controlled
conponents. This nmargin is established on the basis of
experience and is denonstrated in tests by nonitoring the duty
cycle of the heater. The Specified maxi mum duty cycle of 80
percent denonstrate6 that the heater system has the required
mar gi n.
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5.6.3 Guidance for Adnlication of Thermal Uncertainty
Margin. With respect to the 80 percent heater duty cycle, it
should be recognized that when the thermostat set points are
fixed at a level higher than the minimum design requirement, it
may not be possible to demonstrate by test that the duty cycle
is equal to or less than 80 percent. It would then be required
to show by analyses of test data that the heater system meets
the 80 percent requirement at the minimum design temperature.
For example, a component heater might be selected with a
controller set point 6 deg C higher than the minimum specified
temperature of 4 deg C for that item. Since it requires more
heat to maintain the component at 10 deg C than would be
required to maintain. it at the minimum design temperature of 4
deg ¢, the heater selected would have a higher duty cycle. In
that case, a 92 percent duty cycle measured with the 10 deg C
control set point might be shown by analytical means to have
equal or greater capability than the 80 percent duty cycle
design requirement for a set point of 4 deg C. As another
example, a heater-protected component might never reach a cold
enough temperature, because of other test constraints, to
provide data regarding its dutK cycle at the minimum heater
control point. A component heater might be selected with a
controller set point of 10 deg C, but test constraints limited
testing to temperatures above 20 deg C. Since it requires less
heat to maintain the component at 20 deg C than would be
required to maintain it at 10 deg C, the heater selected would
have a lower duty cycle. In that case, a 72 percent duty cycle
measured at the minimum test temperature of 20 deg C might be
shown by analytical means to have equal or greater capability
than the 80 percent duty cycle design requirement at the 10 deg
C control set point. The requirement for heater margins in
excess of 25 percent (i.e.. duty cycles of less than 80 percent)
may apply where small capacity heaters are used or where an 11
deg C decrease in the minimum local environment may cause a
heater with 25 percent margin to lose control authority.
Typically, this may occur for an inboard located component which
iIs exposed to small local temperature variations, or has a high
conductance interface with the local environment, or both.

Guidelines recommended for the application of these margins
to specific thermal control devices are presented below.

5.6.3.1 Self-Reaulatinu Heaters. Self-regulating heaters
using a fixed resistance element which exhibit a large variation
in resistance with temperature (such as "auto trace” or positive
coefficient thermistors) are to be treated as passive devices.
In those cases, + 11 deg C temperature margin should be used in
determining the required system characteristics. Heater control
systems utilizingb variable resistance or other proportional
controls should be treated as active control devices. These
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should demonstrate or be analyzed to show that a 25 percent
heater capacity margin exists at the minimum predicted
temperature.

5.6.3.2 Heat Pipes. Thermal margins applicable to heat
pipes should be demonstrated by tests which are to be conducted
at both the component level (i.e., heat pipe only) and at the
highest level of assembly practical (e.g., subsystem or space
vehicle installation). The thermal margins are defined
separately for constant conductance heat pipes (which are
treated as passive control devices) and variable conductance
heat pipes (which are treated as active control devices).

5.6.3.2.1 Caqnstant Conductance Heat Pipes. The heat
transport capacity demonstrated at the component level should be
at least 125 percent of that required for the nominal predicted
heat load at the maximum predicted temperature of the
evaporator. The nominal heat load is defined as that predicted
by the analytical model for the worst combination of operational
modes, environments, and surface properties.

The thermal performance test, which is conducted at the
highest assembly level practical, should demonstrate the +11 deg
C margin as applicable to all passive devices and should also

rovide, if possible, the data to demonstrate that each pipe is
unctional at the system level acceptance test.

5.6.3.2.2 Variable Conductance Heat Pipes. The following
guidelines apply to variable conductance heat pipes utilizin
noncondensible gas reservoirs for temperature control. At the
component level, the heat transport capacity should be the same
as defined for constant conductance heat pipes in Paragraph
5.6.3.2.1. The reservoir and evaporator temperature may be
adjusted as required to facilitate the simplest test procedure
with the ambient environment available.

Thermal performance of the variable conductance heat E)ipe
system should be demonstrated at the highest assembly leve
feasible. The applicable thermal margins are defined in the
following three paragraphs.

5.6.3.2.2.1 Heat Rejection Margin. When 125 percent of
the nominal predicted heat load is applied to the evaporator
mounting plate, under the worst hot case Simulated conditions,
the plate temperature should be equal to or less than the
maximum predicted temperature.

5.6.3.2.2.2 Variable Conductance Ranae. When 110
percent of the nominal predicted heat load is applied to the
evaporator mounting plate, under the worst hot case simulated
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conditions, the heat pipe should still possess variable
conductance, as proven by the -lecation of the gas or working ~
fluid vapor interface within the condenser portion of the pipe.

5.6.3.2.2.3 Heat Pive Turn-Off. For a heat pipe which

has a reservoir with an active temperature control system, the
heat pipe should be turned off, i.e., decoupled from the
condenser by virtue of the gas (vapor) location, when the

evaporator mounting plate temperature 1s at least 6 deg C or .
higher than the minimum predicted temperature. For -a heat pipe
with a passively controlled reservoir. the turn-off points
should be at least 12 deg C higher than the minimum predicted
temperature.

5.7 BURST PRESSURE, MAXIMUM PREDICTED OPERATING PRESSURE, AND
PROOF PRESSURE

5.7.1 Standard Criteria. Contents of Para%raphs 3.4,
3.21, and 3.34 of MiL-sTD-1540B (definitions of burst pressure,
maximum predicted operating pressure, and Broof pressure) are
grefs_er]g[ed In order to show the interaction between these
efinitions.

3.4 BURST PRESSURE

The burst pressure is the maximum test pressure that
pressurized components withstand wlthout rupture to —
demonstrate the adequacy of the desfgn iIn a quali fication
test. It is equal to the product of the maximum expected
operating pressure, burst pressure design factor, and a
factor corresponding to the differences iIn material
properties between test and desi gn temperatures.

3.21 maxrmus PREDICTED OPERATING PRESSURE

The maximum predicted operating pressure is the
working pressure applied to a component by the '
pressurizing system with the pressure regulators and
relief valves at their upper operating limit, includin?
the effects of temperature, transient peaks, and vehicle
acceleration.

3.34 PROOF PRESSURE

rhe proof pressure is the test pressure t hat
pressurized components can sustain without detrimental
deformation. The proof pressure is used to give evidence
of satisfactory workmanship and material quality, or to
establish maximum possible flaw sizes. It is equal to the
product of naxi num expected operating pressure (see 3.21),
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proof pressure design factor, and a factor accounting for
the difference in matertal properties between test and
design temperature.

5.7.2 Rationale for Pressure Definitions. A pressure
vessel or pressurized structure should be tested to demonstrate
that it has sufficient strength, stiffness, and integrity to
withstand the maximum pressure anticipated during its service
life without any gross yielding, detrimental deformation, or
leakage. This anticipated maximum pressure is called the
maximum predicted operating pressure. It is synonymous with
maximum expected operating pressure (MEOP) and is analogous to
maximum anticipated load.

Safety and mission success dictate that a pressure vessel
or pressurized structure be capable of withstanding, without
rupture, a pressure exceeding its maximum predicted operating
pressure by an amount determined by uncertainties associated
with its design, materials used, and by the degree of hazard in
the intended use. This pressure is called the burst pressure.
It is also called the design burst pressure when it is
determined by the ultimate strength of the vessel.

To ensure acceptable quality of workmanship and general
flightworthiness, acceptance tests are conducted on every
pressure vessel and pressurized structure, including main

ropellant tanks and solid rocket motor cases. The pressure
evel for this test is called the proof pressure.

5.7.3 Guidance for Application of Pressure Terms.
Structural adequacy of the design of pressure vessels and

pressurized structures is demonstrated by qualification tests
conducted on full-scale flight-quality hardware. Qualification
test requirements include a test of one article of each pressure
vessel design to burst pressure level. Burst pressure test
requirements are given in Paragraph 6.4.10 of MIL-STD-1540B.
Requirements for proof pressure tests, required for acceptance
of every pressure vessel and pressurized structure, also are
provided in Paragraph 6.4.10.
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SECTION 6
GENERAL REQUIREMENTS

6.1 REQUIREMENTS FOR REUSABLE FLIGHT HARDWARE TESTING

6.1.1 Standard Criteria. Contents of Paragraph 4.1.5.2
of MIL-STD-1540B (requirements for reusable space vehicle
hardware) are as follows:

4.15.2 Reusable Flight Hardware Testing

Reusable space vehicle hardware consists of the space
vehicles and components intended for repeated space missions.
Airborne support equipment and space vehicles which perform
their missions while attached to a recoverable launch vehicle
are candidates for reuse, particularly for multiple mission
programs. The reusable equipment would be subjected to
repeated exposure to test, launch, flight, and recovery
environments throughout its service life (see 3.37). The
accumula ted exposure time of space vehicles retained in the
recoverable launch vehicle and of airborne support equipment
isa function of the planned number of missions involving this
equipment and the retest requirements between missions.
Airborne support equipment environmental exposure timeis
further dependent on whether or not its use is required during
the acceptance testing of each space vehicle. In any case,
the service life of reusable hardware should include all
planned reuses and all planned retesting between uses.

The testing requirements for reusable space hardware
after the completion of amission and prior to its reuse on a
subsequent mission depends heavily upon the design of the
reusable item and the allowable program risk. For those
reasons, specific details are not presented in this standard.
Similarly, orbiting space vehicles that have completed their
useful life spans may be retrieved by means of a recoverable
launch vehicle, refurbished, and reused. Until some insight
Is provided by experience as to the extensfveness of required
refurbishment, detailed test guidelines cannot be provided.
Based on present approaches, itis expected that the retrieved
space vehicle would be returned to the contractor®s factory
for disassembly, physical inspection, and refurbishment. All
originally specified acceptance tests should be conducted
before reuse.

6.1.2 Rationale for Reusable Flight Hardware Requirements.
The advent of the STS has brought with it the concept of

reusable flight equipment, which is novel to many in the space
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vehicle community. While this concept is certainly not foreign
to the aircraft industry. space vehicle technology has fashioned
its own techniques in this area. The STS shuttle vehicle faced
this problem in the design and test of a reusable launch
vehicle.- Most elements of the shuttle vehicle were designed to
fly 100 missions.

Most space vehicles launched by a recoverable launch
vehicle utilize airborne support equipment (ASE), which remains
with the launch vehicle after space vehicle deployment. Some
payloads are not deployed but perform their mission within the
recoverable launch vehicle, return to earth with that launch
vehicle, and fly additional missions. Such multiple mission
equipment requires that special attention be given to
gualification and acceptance test requirements.

6.1.3 Guidance for Use of Reusable Fliaht Hardware
Reauirements. For reusable flight equipment, it is useful to
distinguish between environmental tests that are influenced by
mission exposure duration and those that. are not. Acoustic and
vibration tests fall into the former group, while the latter is
exemplified by thermal vacuum, thermal cycling, acceleration,
EMC, humiditY, and leak tests. It is important to note that
reentry, while not normally a mission phase for single-use
flight equipment, may impose a set of environmental test
conditions for reusable flight equipment. An example would be
the inclusion of reentry deacceleration in an acceleration test
of a payload intended for multilole missions. The qualification
test requirements for reusable flight equipment can be derived
by the logical extension of the methodology contained in
HIL-STD-1540B.

6.1.3.1 Vibration Qualification Tests. The vibration
gualification durations required by MIL-STD-1540 are the greater
of: three times the expected flight exposure time or three
times acceptance test time, but not less than three minutes per
axis. The expected flight exposure to maximum vibration levels
for a single use component flown on an expendable launch vehicle
is usually less than one minute, resulting in a qualification
test duration of three minutes. MIL-STD-1540B also requires a
vibration qualification margin of 6 4B above the acceptance test
level. The longer duration at the higher level for the
gualification test allows a prediction of ta. which is the
time it would take a flight article exposedAto the lower flight
or acceptance test levels to reach an equivalent fatigue damage
as the qualification specimen. The following formula for tp
has been adopted by a number of space contractors.
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where
ta = acceptance test time plus flight level
exposure duration resulting in fatigue damage
equivalent to damage accumulated during
gualification test duration
tg = Vvibration qualification test duration
a = inverse slope of stress versus number of
cycles fatigue curve for the most fatigue-
critical material in the test article
M = margin between qualification and acceptance
vibration inputs in decibel6
s = 2, if the qualification and acceptance test
hardware were fabricated about the same time
and 3, if the qualification and acceptance
test hardware were fabricated several years
apart (and therefore, might not be uniform or
identical)
K = a number ranging between 0.6 and 2.0, in
accordance with Table |
TABLE I. Value of k"
Test +Kv if Vibration Fixture used in
Tolerance Qualification and Acceptance
in dB Are The Same Are Different
1.5 0.6 1.2
2.0 _ 0.75 1.5
3.0 (nominal) 1.0 2.0

This equation for ta is considered more comprehensive of
fatigue equivalence con6§derations than simpler expressions
sometimes used which do not include the parameter6 S and K. For
preliminary guidance, value6 of S ranging from 2 to 3 and K from
0.6 to 2.0 are suggested. If other data are available to refine
these parameter6 for specific fatigue evaluations, alternate
values for S and K should be used.

29



M1L-HDBK-340 (USAF)
01 JULY 1985

Using this formula for nominal MIL-STD-1540B conditions, it
can be shown that three minutes at qualification test levels,
with a margin of 6 4B above acceptance test levels, for an “a*"
value of 6, gives a tp of approximately 24 minutes. That
means that 24 minutes of flight article exposure to acceptance
test levels would result in fatigue damage equivalent to that
produced by the vibration qualification test; i.e., for:

tg = 3 minutes (MIL-STD-1540B durat.ion)

a = about 6 for 2024-T3 Aluminum. (6 can be
assumed as a likely average, but require6
specific evaluation of each component)

M = 6 4B (MIL-STD-1540B standard margin)

S = 2 (assumes qualification and acceptance
hardware manufactured at the same time)

K = 1 (assume6 same vibration fixture for
qualification and acceptance hardware)

One derives

ta(M1L-STD-1540B) = (3)(2)(6/6)(6-2-1) . 24 npinutes

Allowing 1 minute for flight and 1 minute for acceptance
testing, the 24 minutes for ta would seem to allow the
remaining 22 minutes for reacceptance testing. Due to unit-to-
unit variations between the qualification article and the flight
hardware, it is considered unrealistic to allow the use of the
full 24 minutes for acceptance testing, reacceptance testing,
and flight of the hardware. An acceptance test_exposure time of
1/2tp iIs considered relatively conservative. This would
allow approximately 12 minutes of flight article exposure to
acceptance test (flight) levels, or a total of 10 reacceptance
tests for nominal MIL-STD-1540B conditions.

Note that a reduction in the qualification margin from 6 dB
to 3 dB has a arastic effect on the equivalent damage time,

ta- With the other conditions the same a6 used in the
previous case, tp for a 3 dBmargin would be a6 follows:

tA(3 aB margin) = (3)(2)(6/6)(3-2-1) . 3 minutes

For this situation, the qualifying note regarding the parameters
S and K should be kept in mind.
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The vibration qualification test duration for reusable
flight hardware should be based on a similar fatigue-related
rationale that would cover the planned acceptance testing,
reacceptance testing, and flight time. Examples are provided
for two situations Involving reusable flight hardware for a
payload intended to be flown six times.

6.1.3.1.1 Example 1. Vibration Qualification Test with

s. For this example, it
is assumed that the flight hardware acceptance test is planned
to be conducted just once prior to the Initial flight and that
reacceptance testing will not be required prior to each of the
five subsequent flights. The flight time exposure information
is usually provided in the launch vehicle interface document.
For this example, the exposure to the maximum predicted
vibration levels is estimated as a lo-second exposure at liftoff
of the launch vehicle, a 20-second exposure during transonic and
high dynamic pressure ascent flight, plus a 20-second exposure
during reentry aeronoise. Because the total exposure during
each %Ii ht is only 50 seconds (less than one minute), the
standard vibration acceptance test duration would be one
minute. If it is assumed that circumstances, i.e., retest after
repair, dictate the equivalent of five acceptance tests prior to
the initial flight, the acceptance test time would total five
minutes (300 seconds). The total exposure time of the flight
hardware would then be the total acceptance test time plus total
flight time, or 300 seconds plus 300 seconds (for six flights),
or 10 minutes total. The qualification test used should,
therefore, be based on a fatigue-related rationale that would
provide a tA(Example 1) of greater than 10 minutes.

The vibration qualification test required by MIL-STD-1540B
that uses the 6-dB qualification margin and the 3-minute
duration would seem to satisfy this required tA(Examplc 1) of
10 minutes, since it was shown that 24 minutes of exposure to
acceptance test levels are required to equal the fatigue
exposure experienced by the qualification article. 3-dB
gualification margin would, however, not meet the criteria,
since it would only allow a ta of three minutes for equivalent
fatigue damage.

6.1.3.1.2 Example II: Vibration Qualification Test with

Reaccentance Testina Between Flights. For this example, it is
assumed that the payload must undergo significant refurbishment
between flights, making reacceptance testin? rior to each
flight advisable. It is assumed that the flight hardware
averages three vibration acceptance tests per flight for a total
of 18 minutes for six flights. As in Example |, the flight time
exposure to the maximum predicted vibration levels is 5 minutes
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for six flights, so the total exposure time to the maximum
predicted vibration levels is 23 minutes. The qualification
test used should, therefore, be based on a fatigue-related
rationale that would provide a tA(Example Il) of greater than
23 minutes. While this duration is less than the 24 minutes of
equivalent fatigue exposure as’ the qualification specimen, it is
considered too marginal. As indicated previously, it is
recommended that the fatigue exposure of the flight article be
approximately one-half that of the qualification specimen. If
the qualification test duration is increased to 5 minutes, the
formula for equivalent fatigue damage due to acceptance test
levels gives tp(Example Il) as fallows:

ta(Example 11) = (tQ)(g)(GIG)(NLS—K)
= (s5)t2Y

= 40 minutes

Since the planned exposure time of 23 minutes is approximately
half this 40-minute equivalent fatigue damage time, a 5-minute
gualification test duration would be satisfactory for Example I1I.

6.1.3.1.3 General Vibration Qualification Test
Reauirements. In summary, the required vibration qualification
test duration tg for reusable flight hardware can be
determined as follows:

Let
Dpr = number of vibration acceptance tests planned
tar = acceptance test duration
ky = acceptance test multiplication factor to
account for repeated tests
ng = number of f£iights
tgy = -flight duration
ky = fatigue damage exposure margin relative to

qualification article (typically 2)

Then the required tp isgiven by

=A = (K1) (K2)(naT)(tar) + (Ky)(ngp)(tg)
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or the required tgis derived from

tp = (tQ)(z)(a/G)(M-S-K)

Therefore
ta
tQ =
(2)(a’/6) (M-S-K)

By substitution, the required vibration qualification test
duration tg is

(k1) (k2) (np7) (tar) + (K3)(np)(tp)
t =
© (2)(a/6) (M-S-K)

The required vibration qualification test duration tg for
reusable flight hardware is, therefore, dependent on a nquDer of
variables. Aside from requiring a knowledge of acceptance test
and flight duration, it is necessary to make judgments on (a)
how much margin to allow between the fatigue damage experienced
by the qualification article and the flight articles and (b) how
many unplanned acceptance tests (retests) might be required.

6.1.3.2 Shock Qualification Tests. MIL-STD-1540B shock
test requirements are primarily based on pyrotechnic shock
events. For qualification, a shock level which is 6 dB above
the maximum predicted (acceptance level) environment for flight
duration is required. The number of required shocks is three
times in each of three axes, for a total of 18 shocks.

~ MIL-STD-1540B acceptance shock tests are conducted at the
maximum predicted level. One shock is required in each
direction of each of three axes, for a total of six shocks.

It is recommended that the required number of shock events
to be used during the shock qualification tests to qualify
reusable flight hardware, Ngg. be determined based on three
times the number of shock events experienced by the flight
hardware, as follows:

Nos =3(Nars+ NF s)
where

Ngs = number of qualification shocks at 6 daB
above maximum predicted level
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Naprs=  number of acceptance test shock6
experienced by the flight hardware at
maximum predicted level

Nps = ‘number of flight shocks experienced by
the flight hardware

The factor of three times the number of fli(?ht plus Lest
events experienced by the flight article is based on the general
philosophy for qualifying flight hardware used in MIL-STD-1540,
where a factor of three 1is wused for qualification relative to
flight level exposure (acceptance test level). The shock level
for qualification should be 6 aB above the maximum predicted
environment (6 4B above the acceptance test level). In summary,
the qualification shock test for reusable flight hardware is
based on the MIL-STD-1540 philosophy that the qualification test
should demonstrate that the flight hardware can withstand three
times the number of anticipated flight and test events with a 6
dB margin to account for the variability of the hardware.

6.2 TAILORING

6.2.1 Standard Criteria. Content6 of Paragraph 4.2.3 of
M1lL-STD-1540B (requirements for test tailoring) are as follows:

4.2.3 Tailoring

- This standard specifies test requirements that have
becn shown tO assure high reliability In space missions.
However, It 1s intended that these test baselines should
be tailored to each space program considering design
complexity, state of the art, mission criticality,cost,
and acceptable risk. For some Space programs this
tailoring may relax the requirements in this standard,
while for other programs the requirements may be made more
stringent to reduce risk of on-orbit failures or to
demonstrate With greater confidence that the space vehicle
or components perf orm adequately when all parameters,
environments, and related uncertainties are considered.
For example, the optional tests shown in the test baseline
tables should be.added as required tests, where
appropriate, as determined from considerations of design
features, required lifetime, environmental exposure, and
expected usage. The tailoring is a continuing process
throughout the acquisition that should be implemented by
the wording used to state the testing requirements in the
specifications of the space”system, space vehicles, and
components or in other applicable contractual documents.
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6.2.2 Rationale for Tailoring Reauirement. Individuals
who are familiar with MIL-STD-810D should note that “tailoring”

is used in MIL-STD-1540B, and in this handbook, in a narrower
sense than it is used in MiL-sTD-810D. In both documents, the
intent of the tailoring requirement is to impose only the
minimum design and test requirements needed to assure that the
items produced will meet the range of environments that could be
encountered during the actual life cycle of the items. For
example, the definitions in MIL-STD-1540B require analysis and
actions that are equivalent in many ways to the initial

tailoring steps required when MIL-STD-810D is used.

For most military systems, the testing and maintenance
costs represent major elements of the life cycle cost. Unlike
aircraft programs where the testing and maintenance costs are
primarily incurred during operational use, the testing costs for
spacecraft are primarily incurred prior to operationa
deployment since on-orbit maintenance is seldom possible.
Because testing represents such a large expense, good management
requires tailoring of the test program to assure that a
cost-effective program is achieved. On one hand, any excessive
testing clearly represents a waste of money and time. On the
other hand, an undetected deficiency or failure can result in an
unsuccessful launch ok shortened on-orbit life. Because a
single failure can result in a loss of several 100 million
dollars, not including the loss of scientific or operational
data, a considerable budget for quality control, and for testing
that will ensure spacecraft success, iS usually cost-effective.
Successful space vehicles have been launched even though their
procurement documentation contains only sketchy or limited
guality assurance provisions. Conversely, programs can be found
where extensive inspections and tests at every step of the
acquisition process still resulted in unsuccessful missions.
However, the preponderance of evidence is, as expected, that the
use of extensive testing and other quality assurance provisions
that are based upon those used for previously successful
programs is the only cost-effective approach. For high
reliability spacecraft, the testing costs may represent as much
as 40 percent of the life cycle cost.

MIL-STD-1540B, therefore, was prepared from a composite of
the tests that had been used by contractors to achieve
successful space missions. The test baselines presented include
the need for assurance in the areas of performance, safety. and
reliability. The standard includes requirements for
development, qualification, acceptance, and prelaunch validation
tests. The acceptance tests are intended to assure, to the
maximum extent possible, that all space vehicle equipment will
operate through various operational modes while exposed to the
maximum predicted environments. The test duration at each
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environment is to be equivalent to the expected time duration
associated with the maximum environmental levels. The
qualification tests typically require that the space vehicle
equipment operate through various operational modes while
exposed to design environment6 that include the environmental
design margin. The environmental design margins provide a 6-dB
or 10-deg C margin over the acceptance test levels. The
gualification test duration at each environment is typically
three times the acceptance test duration. To provide a basis
for standardization of components, a minimum design range is
specified. The design range is also the qualification test
environment. For examﬂle, the minimum thermal range for
component design, and hence for qualification tests, is from -34
deg C to +71 deg C. The minimum overall random vibration design
level, and hence the minimum qualification test level, is 12
grms for 3 minutes. The minimum acoustic design level, and
hence the minimum qualification test level, is 144 aB overall
for 3 minutes. The minimum acceleration design level, and hence
the minimum qualification test level, is 20 g. These minimum
design levels, and hence qualification test levels, represent
environmental levels commonly found on most spacecraft: however,
they are not 60 severe a6 to cause design problems for most
components. By designing and qualifying the component6 to these
common requirements, a prudent minimum level of design
ruggedness is provided. In addition, the component6é might be
relocated on a spacecraft or might be used on other spacecraft
without redesign or requalification. These minimum design
ranges also assure an effective acceptance stress screening test
for all components.

MIL-STD-1540B, therefore, establishes a uniform set of
definitions and general ground testing requirements fot space
vehicles. It is intended that these baseline requirements will
be tailored to fit each program’s requirements while recognizing
the desire to meet the minimum standard requirements where
practicable. MIL-STD-1540B provides a common framework from
which program managers can identify and evaluate deviations in
their testing and quality assurance plans. The extent of
acceptable deviations is a tradeoff among program requirements,
acceptable risk, and testing costs including schedule delays.
Because the cost-effectiveness of these tradeoffs is difficult
to evaluate statistically due t> the small sample size for each
program, an evaluation of the deviations from MIL-STD-1540B
should be included in all program reviews.

6.2.3 Guidance for Use of Tailoring Reauirement. Like
many standardization documents, MIL-STD-1540B is structured to
assist in the tailoring process. A few of the ways that
MIL-STD-1540B and the requirements associated with testing can
be tailored are discussed in the following paragraphs.
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6.2.3.1 By Limiting. For some applications, portions of
the entire test program given in MIL-STD-1540B are not )
applicable, and exceptions can be included with the compliance
statement. For example, the definitions, the component level
tests, and the prelaunch validation tests may all be applicable
to a launch vehicle program. In that case, the acceptance test
requirement statement might read: “Except for the vehicle level
testing, the acceptance tests shall be performed in accordance
with MiL-sTD-1540B." The details of launch vehicle acceptance
test requirements would then be stated separately.

One of the provisions of MIL-STD-1540B that has provided
some requests for deviation is the 6-daB qualification test
margin. Of this 6-dB margin, 3 dB are provided to accommodate
the maximum allowed testing tolerance. Provisions are
incorporated in the definition of environmental design margin,
Paragraph 3.12 of MIL-sTD-1540B, to automatically reduce this
3-dB test tolerance portion in accordance with the actual
testing tolerances used by the contractor. In other words,
should the contractor choose to spend more time adjusting test
levels to closer.tolerances, then the 6 4B may be automatically
reduced accordingly without a formal deviation being required.
The definition of environmental design margin in MIL-STD-1540B
also suggests circumstances where the remaining 3-dB margin
might be changed. For example, if it is judged that a 2-dB
allowance would provide an acceptable reliability risk, the
component design requirement might be 5 4B (instead of 6 dB).

6.2.3.2 Bysupplying Other Detailed Requirements. Many
items that are pertinent to the test requirements are omitted
from MIL-STD-1540B to make it directly applicable to a _wide
variety of space vehicle programs without deviation. These
items include :

a. Maximum predicted environmental levels

b.  Time duration for exposure to the maximum
predicted environments

C. Transportation, handling, and storage environment
d. Required development tests

e. Applicable safety standards

f. Test sequence to be followed at each level of

assembly (The test sequences given in
MIL-STD-1540B are only suggested sequences.)

g. Tests identified as options in the standard that
are required on the program
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h. Component level tests that can be satisfied or
accomplished by tests at higher levels of
assenbly

i. Prelaunch validation test flow

j~ Reqguirements for development: test vehicles

k. .Requirements for gualification test vehijcles
1. Detailed test plang and procedures

m. Retest requirements after modification, change,
-or repair to the hardware, computer programs.. or
test cnnf iguration

n. Acceptable basis of flight certification of all
flight hardware (by qualification tests or by
analysis of previous hardware usage)

By the inclusion of pertinent data on each of these items
in the appropriate section of the specification or contract, the
actual test requirements for the item are established or can be
determined by analysis. For example, the location of components
on a space vehicle, the specific orbit, the equipment duty
cycle, and other design factors would be used in a thermal model
to calculate the maximum and minimum predicted temperatures. If
the maximum predicted temperature for a component were +71 deg
C, then an acceptance test would be conducted using a maximum
temperature of +71 deg €. and a qualification test would be
conducted using a maximum temperature of +81 deg C. If the
maximum predicted temperature for another component were +49 deg
C, then the acceptance test would be conducted using a maximum
temperature of +61 deg C, and the qualification test would be
conducted using a maximum temperature of +71 deg C (see
Paragraph 3.9 in MIL-STD-15403). Therefore, it is clear that
items not directly stated in the specification or in
MIL-STD-1540B influence the actual testing. Of course, the
definitions of the maximum and minimum predicted temperatures
are given in MIL-STD-1540B to ensure a uniform determination of
its value, including an allowance for uncertainties (see
Paragraph 3.25 in MIL-STD-1540B).-In much -the"same way, the
inclusion of related data in the specification for all the items
listed above can-modify the actual test requirements without
modifying or deviating from the general requirements in
MIL-STD-1540B.

6.2.3.3 By Suuulementina Reauirements. | n some cases, it

is clear to the government program office that the requirements
stated in MIL-STD-1540B are inappropriate for a specific item on
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t hat program For exanple, a battery may not be able to
withstand the -34 deg C to +71 deg C nom nal design tenperature
range given in ML-STD 1540B for conponents. For that program
it had been determ ned that active thermal controls would be
incorporated to maintain the battery tenperature between +10 deg
C and +30 deg C In that case, the specification requirenment
for the battery might read: "The battery Shall be designed to
operate over a tenperature range of 0 deg C to +40 deg c." This
is a realistic thermal range for a battery, 60 the qualification
test range would then be O deg C.to +40 deg C. The conpani on
acceptance test range would be +10 deg C to +30 deg C.

6.2.3.4 By Contractor'6 Choi ce. Many itent in
MIL-STD-1540B are stated in ways that allow the contractor to
sel ect the nost cost-effective approach. Sone of these, such a6
the selection of test tolerances and test sequences, have been
nmenti oned above. Anot her exanple is the nmethod of flight
qual i fication. Flight qualification of conponents can always be
acconplished by qualification testing at the conponent |evel
however, for many itens such as fluid lines, wring harnesses,
and structural conponents, testing at higher |evels of assenbly

is usually cost-effective. In addition, previously used deviceb
may sonetinmes be qualified by less costly approaches such a6 by
equi prent similarity of analysis. By allowing the contractor to

sel ect the appropriate approach for each item repetitious or
unnecessary qualification testing may be avoi ded. O course,
the contracting officer normally reserve6 the right to review
and approve the adequacy of the flight qualification effort.
This is usually acconplished by the required approval of test
pl ans, test procedures, or data submtted a6 data itent under
the ternms of the contract.

6.2.3.5 By limtina Data ltens. MIL-STD-1540B inplies

that a |arge nunber of associated docunent6 wll be prepared by
the contractor. These i ncl ude:
a. Detailed test plans and test sequence6 for itenb
at the various levels of assembly
b. Detailed test procedure6 for all tests including
the pass-fail test criteria for each test
c. Test record6
d. A data bank to provide traceability of test data,

the accunulation of trend data on critical
parameters, a record of all test discrepancies,
and a record of their disposition

e. Devel opnent test reports,
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£. Flight certification lists .
g. Qualification test report6
h. System safety plan

i. system .failure node and effects analysis to
determine critical paraneters

j. Qperational tine line to establish functional
modes and requirenents for the programed orbit
m ssion tests

k. Transportation and handling plan

Unl ess a report or data itemis identified on the Contract
Data Requirenment List, such as DD Form 1423, AFSC Form 708, or
AFSC Form 709, it wll not be submtted to the contracting
officer for review or approval. O course, to save effort, only
those reports or data itens absolutely required to determ ne
conpliance with the program requirenent6 should be requested
(l'isted). The actual tests that will be conducted may be
i nfluenced greatly by whether the test procedure6 and other
associ ated documents nust be reviewed or approved by the
contracting officer. -The data itemlist can therefore nodify to
some degree the extent of the testing and the total contractor
effort.

6.3 RETEST

6.3.1 Standard Criteria. Content 6 of Paragraph 4.3 of
M L- STD- 1540B (requirements for retest) are as foll ows:

4.3 RETEST

IT a test discrepancy (see 3.42) occurs, the test
should be interrupted and the discrepancy verified. If
the discrepancy is dispositioned as due to the test setup,
software, or to afailure in the test equipment, the test
being conducted at the time of the failure may be
continued after the repairs are completed, as longas the
discrepancy did not result in an overstress test
condition. If the discrepancy is dispositioned as a
failure in the item under test, the preliminary failure
analysis and appropriate corrective action shall normally
be completed before testing is resumed. If the failure
occurs during system testing, the test may be continued if
the discrepant areais not affected by the continuation of
testing.
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The conducting of a proper failure analysis plays an
important part in the decision on the type of retest. It
should include the determination of whether a failure
occurred, the cause of the failure, the physics of the
failure, and isolation of the failure to the smallest
replaceable item. The degree of retest shall be
determined for each case based upon the nature of the
failure. In the case of asignificant redesign of a
component, all previous qualification tests shall be
repeated. After significant component rework, all
previous acceptance tests except burn-in shall be
repeated. In the case of extensive component rework,
repetition of the burn-in is also required. Where the
redesign or rework of the component is very minor, it may
be acceptable to only repeat functional testing and the
test in which the failure occurred.

Where significant redesign or rework of components is
required as the result of failure during system level
testing, the system level test in which the failure
occurred, aswell as functional testing of the failed
subsystem, shall be repeated. Repetition of system level
environmental tests may be necessary if the redesign was
extensive or the number of components changed out and
connectors demated i1s so large asto reduce confidence in
the space vehicle.

6.3.2 General Rationale for Retest Reauirenents. Ret est
is the repeat of previously conducted tests due to a test
di screpancy or other factors related to the itens previously
tested.

D screpancies may occur at any point in the qualification
or acceptance test sequences of space vehicle systens or
conponent s. When a discrepancy occurs, a failure analysis is
conducted to determ ne the cause of failure and to determne if
there are any generic or lot-related problens that could affect

ot her vehicles. If it is determined that theitem being tested
failed, it is inportant to try to determine-why the failure
occurred at that point in the test sequence. In ot her words,

Are there deficiencies in the tests at lower levels of assenbly
that allowed the defect to go undetected? Ifthe failed item is
a qualification or flight article, a decision nust be nmade as to
whet her repeats of previous tests (retests) or special test6 are
required after correction. Ifthe space vehicle or conponents
have been redesigned or reworked to correct the failure, tests
conducted prior to the failure mght require repetition to
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verify the adequacy of the corrective action. Basically, retest
requirements after failures of qualification or flight articles
during testing depend on the nature of the failure, the point of
occurrence in the test program, the degree of redesign and
rework required for repair, criticality of equipment, and other
factors. The criteria specified in MIL-STD-1540B are subject to
judgment. Their major OFurpose Is to establish ground rules for
such judgment and to aid in the preplanning of minimum retest
criteria for specific space and launch vehicles. This is
particularly applicable to system level retest requirements.

When a component is removed from a vehicle or a vehicle
connector is broken, verification of vehicle flightworthiness is
required subsequent to the replacement. While actual r-etest
requirements are usually determined by Material Review Board
disposition, the preplanning-of retests can avoid unplanned
emergency actions.

6.3.3 Qeneral Guidance for Use of Retest Requirements.
The requirements of MIL-STD-1540B are illustrated in Figure 1

for specific actions immediately following a test discrepancy.

The test is interrup-ted and a determination is made as to
whether the discrepancy is due to a failure of the item under
test or a failure of the system performing the test (test setup,
software, or equipment). Even if the item under test did not
initially fail, it is possible that it could have been
overstressed by a failure of the test equipment. After a
determination 1s made that no overstress of the test item
exists, the test may be continued after repairs of the system
erforming the tests are completed. |If the test item has
ailed, either originally or due to overstress, test activities
resume normally Only after a preliminary failure analysis which
determines the cause and corrective action. Final failure
analysis is shown as a continuing function to indicate that
initial evaluations are sometimes inconclusive and that further
action may be required, particularly if the failure represents a
generic or lot-related problem. For long-term corrective
action, one should determine if the failure could have been, and
therefore should have been, detected at a lower level of
assembly or in an earlier test. If that is the case, be sure to
document all corrective actions that are appropriate at each
level of assembly, including all changes in test procedures.

The results of failure analysis play an important part in
the decision on the degree of retest. If the test item had to
be redesigned or reworked extensively, repetition of many of the
previously conducted tests might be necessary to restore
confidence in the functional and environmental performance of
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the item. The following summarizes the retest requirements
specif ied in MIL-STD-1540B:

o Component major redesign
-- Repeat all previous- quaIification tests.
0. Component .significant rework

— RepeataI‘.L previ ous accept ance tests except
for burn-in.

0 Component extensive rework
-- Repeat a.ll acceptance tests plus burn-in test.
0 Component minor redesign or r ewor k

-- It may be acceptable to only repeat functional
testing and the test in which the failure
occurred.

0 Component failure during system level test

-- Retest components per previously stated ground
rules.

-- Repeat system level test in w#hich failure
occurred plus functional test of failed
subsystem.

0 System major r edesi gn and rework
-- Repeat system level environmental tests.

Maximum confidence in the integrity of a redesigned or
repaired test article following corrective action exists if all
previous tests are repeated. Since this is often costly,
time-consuming, and impractical, compromises must be made on the
degree of retesting. The degree of retest should be evaluated

for each case considering the nature of the failure, the degree _

of redesign and rework required, and whether any previous tests
could possibly have induced the failure or were invalidated by
t he corrective action. The decision therefore become6 a
judgment on the amount of acceptable risk.

Different guidelines have been developed for component
retests and for space vehicle (system) retests because of the
nature of the design. In general, most components within a
space vehicle are iInstalled to be removable and replaceable.
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The retest of a space vehicle after conponent renoval and

repl acement can therefore be preplanned, depending on the point
in the test sequence when a renoval and replacenent occurred.

The retest of a conponent if a failure occurs during a conponent
test is nore unpredictable, since the parts and hardware for the
conponent often are not designed for ease of renoval and

repl acenent .

The standard criteria for retests have been categorized
with respect to the corrective action. Note that the corrective
action is either redesign or rework. The degree of redesign and
rework plus the effect of the corrective action on previous
tests becone the major drivers in the retest decision.

An anomaly requiring redesign as a corrective action would
typically occur during qualification article testing. This is
based on the rationale that this testing precede6 the acceptance
testing of flight articles and, therefore, the nmajority of
design problems will be discovered during this phase. A
redesign may be classified a6 "major"or"minor."

An anonmaly causing rework as a corrective action may occur
during any type of testing. The rework may be caused by
i npl ementation of a redesign orby a repair which does not
change the design. The rework may be significant orrelatively

m nor . A significant rework may invalidate a nunber of
previously conducted tests. A mnor rework may have relatively
small effect on the validity of previous tests. It is the

purpose of this discussion to provide sone considerations
| eading to judgnents on the significance ofreworks.

6.3.3.1 Component Retests. For conponent test
activities, Figure 2 depict6 the sequence of events after a
conponent discrepancy during a test has been verified. [f at

all possible, it is desirable to freeze the hardware and
software in the discrepant node to allow a determ nation of
failure cause. It is recognized that conplete failure analysis
can be lengthy, and that often tests nust be continued before
failure analysis can be conpleted. A prelimnary failure

anal ysis can be conducted to determ ne whether test continuation
is practical or whether the test nust be aborted. Factors
entering into this decision are ease ofisolation, ease of
repair, and feasibility of continuing the test w thout repairing
t he di screpancy. Such a situation mght exist where redundancy
exists within a conponent and the test could be continued on the
redundant leg. An additional reason for test continuation

wi thout repair would be the need to troubl eshoot and isolate the
failed hardware or parts by test. After the failed hardware is

i solated, the conponent is redesigned orrepaired. In either
case, the degree of conponent rework governs the anount of
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retest necessary. If a defective part or subassenbly can be
replaced by sinply disconnecting and reconnecting electrica
connectors using plugs or pins, retests may be m nim zed.
However, conponent rework generally results in considerable
uncertainty regarding the validity of previous tests, and
considerable retest is necessary to keep risks acceptable.

6.3.3.2 Space Vehicle Retests. Figure 3 depicts the
activity after an anomaly has been discovered during a test of a
space vehicle. As wth conponent test discrepancies, it is
desirable to freeze the hardware and software in the discrepant
node. After a prelimnary failure analysis to determne the
safety or hazard of continuing the test, a "continue" or *"abort"
test decision can be made.

For the "abort" test decision, the prelimnary failure
anal ysis may have revealed that the test results are too
uncertain for continuation and that the system require6
extensive redesign or rework. The test is therefore stopped and
a nore detailed failure analysis is conpleted to determ ne the
exact cause and rework required. After conpletion of the
rework, applicable retests are perforned and the test is
completed.

For the "continue" test decision, a failed item can readily
be isolated and quickly replaced or repaired. If a retest shows
that the replacenent oK repair is successful, the test may be
conpl et ed. 1f unsuccessful, the activity will proceed along
similar lines as an "abort" test decision. In other cases, a
redundant system may be available, and testing may continue on
the redundant leg with a parallel activity to perform a more
complete Tfailure analysis on the Tailed system. In all cases,
the failure analysis is finally completed to assure that no
generic problems exist.

6.3.4 Retest of Conponents with Mjor Redesign

6.3.4.1 Rationale for Retest of Conponents with Major
Redesi gn. The corrective redesign of a conponent is defined as
"major" if the test article after redesign violate6 one or nore
of the commonly used ground rules for qualification by
simlarity. This is based on the rationale that such redesigns
or related paraneters wll have invalidated previous tests. The
followng rationale apply to the test article(s) and the
qualification article(s) with major redesign:

a. Functional Input or Output Reauirenents. |f
el ectrical or nechanical performance requirenents
of the conponent previously tested are revised by
the redesign, the previous functional tests are
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no longer considered valid. Consideration must
be given to the magnitude of the changes.
Relatively small percentage changes may occur in
performance requirements, such as revising
tolerances on parameters, which do not change the
basic characteristics of the component. An
example might be an electronic component with the
same configuration as before, where outputs are
revised by minor tuning of adjustable devices
within the component.

Environmental and Life Reauirements. |If the
applicable operatin? or nonoperating
environmental and life requirements such as
thermal vacuum, thermal cycling, vibration,
acoustic, pyrotechnic shock, acceleration,
humidity, EMC, fatigue, or wearout were made more
severe than the environments experienced by the
previously tested component, the applicable
environmental tests of the component prior to
design are invalidated.

Thermal Effects. If analysis shows that the
redesign has or could cause thermal effect
different from the previous configuration, or if
the redesign introduces elements which have not
demonstrated a capability to survive the thermal
environment, the previous thermal tests will be
invalidated.

Dynamic Response. If analysis shows that the
redesign has or could change dynamic responses
different from the previous configuration, or if
the redesign introduces elements which have not
demonstrated a capability to survive the dynamic
environment, the previous dynamic tests will be
invalidated.

Materials and Manufacturing Processes. Changes
in materials and manufacturing processes due to
the redesign can invalidate previous tests due to
different thermal effects, dynamic responses, and
static responses of the redesign. Analysis of
changes in this area is required to determine
their effect on the validity of previous tests.
It is important to recognize that a detailed
knowledge is required of the difference in the
manufacturing process between the previously
tested component and the redesigned component.
Minor production change6 in methods of
manufacture can lead to an invalidation of most
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previous tests due to uncertainty about the
revised manufacturing method..

f. Weight, Sijze, Mechanical. and Electrical )
. Confiquration. Analysis is required to determine

whether change6 in these parameters have been of
suf f ic-ient magnitude to significantly change
thermal effects or static and dyn-amic responses.

6.3.4.2 I etest omponent \Wijth Major
Redesign. 1In this case, the test article after redesign
vloxate.s one- or more of the commonly used ground rules for
qualif ication by similarity, so the previous tests will have
been. invalidated. Therefore, the following guidelines apply to
the acceptance test article(s) and the qualification article(s):

0 Repeat all previous tests on the redesigned test
article.
Notes:
0 Evaluate whether repeat of previous test(s) will

degrade component and refurbish component
hardware subject to degradation.

0 Requalify redesigned components prior to flight
article acceptance test continuation.

6.3.5 Retest of Comnonents with Significant Rework

6.3.5.1 Rationale for Retest of Comnponents with
sianif icant Rework. The corrective rework of a component is
defined as "significant" if the rework has caused a loss in
confidence that tests prior to the rework are still valid.
Since the rework corrective action is being treated separately
from redesign, the major item of concern is the adequacy of the
manufacturing and repair processes to perform the rework. The
risk of the rework action may be divided into two categories:
the risk of degrading the component by the repair operation and
the risk of replacing a part with one that has not been screened
by the previous component tests. The following rationale apply
to the test article(s) and qualification article(s) with
significant rework.:

a. Amount of pDisassembly and Reassembly. If a

component requires considerable disassembly to
obtain access to perform the repair and
subsequent reassembly, the majority of previous
tests are probably invalidated, even if the
actual repairs are relatively simple.
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Quantity and Complexity of Disconnects and
Reconnects. The number of disconnects to remove
a failed part or failed hardware, the nature of
the disconnects, and the complexity of performing
the repair are important in evaluating the risk
of, degrading the hardware. If a part can be
simply unplugged, the risk of invalidating a
previous test would appear less, since a
functional test after the repair is completed
could verify the adequacy of the repair, and
possible damage to surrounding parts is low. A
repair requiring soldering or welding involves
the risk of damage to surrounding hardware which
could invalidate previous tests.

Access to Inspect. In-process inspection is an
important part of manufacturing. As a component
is manufactured, visual inspection with optical
aids, local measurements using hand-held test
equipment such as voltmeters, force-gauge
measures of compression, tension, or torque,
local temperature measurements, and other
inspection devices are used to inspect the
adequacy of the assembly as hardware is being
installed. If a repair can be inspected locally
in the same manner as it was inspected during
original manufacture, considerable confidence in
its adequacy can be obtained. In general, it is
noted that a repair which doe6 not allow the same
degree of in-process inspection as was done
during original manufacture has invalidated
previous tests.

Repair Techniques. During original manufacture
of a component, automated or manual production
tooling may be used, depending on quantity. As
an example, the soldering or welding of parts may
be fully or partially automated and may be
performed within the confines of a clean bench
which protecté the system from contamination. A
repair may be performed under different
conditions, using considerably different tooling
and techniques than were used during original
manufacture; it ha6 invalidated the previous
tests.

As a general observation, note that judgment6
relative to the risk of component degradation by
rewor k are highly dependent on knowledge of the
processes used during original manufacture.
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Consequently, a repair on a component preferably
iIs coordinated with the original manufacturer.
Regardless of how the repair is performed, a risk
of not discovering some defect exists if all
previous test6 are not repeated. It is the
degree of acceptable risk which determines
‘whether previous tests should be repeated.

e. Lac-k of Replaced Part Screening. Although parts
" are usually screened prior to ‘installation, there

IS no assurance t-hat xhis i-s the case. If a part
is replaced, itis necessary to -know its previous
test experience. If it has not been screened to
the 6ame degree as the original part, the
component tests conducted prior to the failure
have been invalidated.

6.3.5.2 Guidance for Retest of Component with Signif j
Revork.. In this case, the rework ha6 caused a ‘loss In
confidence that tests prior to the rework are still valid. The
major item of concern is the adequacy of the manufacturing and
repair processes. The rework must avoid repair processes that
degrade the component, and parts that are used for replacements
should be adequately screened. The following guidelines apply

to the acceptance test article(s) and qualification article(s):

0 Repeat all previous tests after rework.

Note: o Evaluate whether repeat of previous tests will
degrade component and refurbish component
hardware subject to degradation prior to
repetition of previous tests.

6.3.6 Retest of Comuonents with-Minor Redesian or Rework

6.3.6.1 Rationale for Retest of Components with Mijnor
Redesian _or Rework. A minor redesign or rework is one that
does not fit ‘the definition6 for major redesign or significant
rework. A minor rework or redesign may have involved no parts
replacement, such as tuning a system by adjustable devices, ok
may have involved replacement of an easily unplugged or
detachable part.

6.3.6.2 Guidance for Retest of Components with Minor
Redesian or Rework. For minor redesign or rework such as
tuning, adjusting, or replacement of an easily detachable part,
the following guidelines are provided.:

0 Evaluate whether replaced part (s) have been
screened to the same -degree or more severe than
environment6 during component tests.
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0 If replaced parts screening is not adequate,
repeat all previous conponent tests.
0. If replaced parts screening is adequate, evaluate

whet her previous tests induced failure or were
invalidated by the repair.

0 If previous tests induced failure or were
i nval i dated, repeat applicable previous test(s)
and continue testing from point stopped.

0 If previous tests were not affected by rework,
repeat the test(s) during which the failure
occurred, and continue testing from point stopped.

6.3.7 Retest of Space Vehicle with ©Mjor Redesian

6.3.7.1 Rationale for Retest of Space Vehicle with Major
Redesi gn. The definition of "major redesign" follows basically
the sanme ground rules as for conponents. However, sone details
are different. For purposes ofretest guidelines, a space
vehicle redesign is defined as "major" if the redesign has
caused significant change6 in paraneter6 and has thereby

i nval i dated a nunber of previous tests. Maj or redesign of a
space vehicle is relatively rare, even during qualification
testing. Neverthel ess, it may occur. The following rationale

apply to a space vehicle or qualification vehicle with mjor
redesi gn:

a. Functional Input of Qutput Requirenents. |If
el ectrical or nechanical performance requirenents
of any subsystem previously tested are revised by
the redesign, the previous functional tests are
no 1longer considered valid.

b. Envi ronnental Reauirenents. If the applicable
operating or nonoperating environnental
requi rement6 such as EMC, acoustic, pyrotechnic
shock, vibration, thermal cycling, thernal
bal ance, or thermal vacuum are nmade nore severe
than the environnent6 experienced by the space

vehicle prior to redesign, they wll be
i nval i dat ed.
c. Thernmal Effects. If analysis shows that the

redesi gn ha6é or could cause thernmal effect6
different from the previous configuration, the
previous thermal tests will be invalidated
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d. Dynamic Response. If analysis shows that the
redesign has or could change dynamic responses
from the previous configuration, the previous
dynamic tests will be invalidated.

e. Materials and Manufacturing Processes. Although
relatively rare at the space vehicle level,
changes In materials and manufacturing processes
due to the redesign can invalidate previous tests
due to different thermal effects, dynamic
responses, and static responses of the redesign.
Analysis of changes in this area is required to
determine their effect on the validity of
previous tests.

£f. Weight, Size, Mechanical. and Electrical

Conf iguration. For components, a major redesign
resulted in the guideline of reBeating all
previous tests, since it would be very difficult
to determine portions of previous tests
invalidated. Since a space vehicle is composed
of a number of subsystems such as electrical
power, attitude control, telemetry,
Instrumentation, command, structure, thermal
control, -and propulsion, it is possible that
redesign of a specific subsystem has not affected
other subsystems. Consequently, consideration
can be given to repetition of only those previous
tests invalidated by the redesign.

g. Component Relocation. If a component is
relocated on a space vehicle, it can invalidate a

number of the previously conducted tests related
to the configuration and mass properties of the
space vehicle. These may include EMC, acoustic,
thermal balance, random vibration, and
pyrotechnic shock test, plus the mass and center
of gravity (c.g.) related operations including
spin balancing.

6.3.7.2 Guidance for Retest of sSpace Vehicle with Major
Redesign. In this case, the space vehicle redesign has caused
significant changes in parameters and has thereby invalidated a
number of previous tests. Therefore, the following guidelines
apply to the acceptance test article(s) and the qualification
article(s):

0 Evaluate which previous test(s) were invalidated
by the redesign.
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0 Perform functional tests to verify that al
equi pnment (prinmary and redundant) neet
performance requirenents.

0 Repeat all previous environmental tests on

redesi gned and reworked subsystem
Not es:

0 Eval uate whether repeat of previous test(s) wll
degrade conponents or interconnecting hardware
and repl ace conponents or hardware subject to
degr adat i on.

0 Al replacenent conponent6 nust have passed
acceptance test.

0 Requal i fy redesigned conponent6 and subsystem

prior to flight article acceptance test
conti nuati on.

6.3.8 Retest of Space Vehicle with Sianificant Rework

6.3.8.1 Rationale for Retest ofspace Vehicle with
Sicrnificant Rework. The definition of a significant space

vehicle rework 1s the same as for conponents. In addition, the
considerations related to space vehicle degradation by rework
are simlar but not identical. In general, the repair of

conponent6 require6 nore severe disassenbly and disconnect
action6 than the rework of a space vehicle. As an exanpl e,
whil e parts or other hardware In conponent6 are often sol dered
or welded, the assenbly ofspace vehicle6 is nore nodular wth
nost el ectrical conponents connected by renovable electrical
connector6 and nounted by renovabl e nmounti ng hardware.
Mechani cal conponents al so'are usual ly renmovabl e by
nondestructive nmeans and usually can be reinstalled wthout the
use of special manufacturing processes. Consequently, the risk
of space vehicle degradation by rework is somewhat lower than
the risk of conponent degradation.

6.3.8.2 Quidance for Retest of Svace Vehicle with
Sianificant Rewor k. The definition of asignificant space
vehicle rework is the sane as for conponents. In addition, the
consideration6 related to space vehicle degradation by rework
are simlar but not identical

As with components, the anmount ofdisassembly and reassenbly
and the quantity plus conplexity of disconnects and reconnect6
nmust be considered in order to reach a judgnent on the
significance ofthe rework and the degree by which previous
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tests may have been invalidated. Inspection after reassembly
plays an important part as with components. |If accessibility
and means- of inspection are available to assure that the
replaced part has been installed to the same standards as the
original assembly, and if relatively few other parts are
disturbed, the risk of invalidating previous tests is reduced.
Again, however, regardless of how the rework is performed, an
increased risk of not discovering some defects exists if all
previous tests are not repeated.

The preplanning of space vehicle tests following component
repair or reﬁlacement can be performed by establishing a retest
matrix which denote6 the-system level retest(s) to be performed
after repair or replacement of any component. The matrix should
list the applic-able tests which must be performed for retest of
a specific component or assembly as illustrated by Table Il. As
an example, on a specific space vehicle, the matrix consists of
approximately 200 tests and 27 components. The applicable
retest following component replacement is marked with an "X" in
the affected block. The tests. are referred to by paragraph
number and name of the test as designated in the test procedure
document. This method of preplanning retests of replaced
components on space vehicles has been implemented successfully
on space programs, and has avoided the crunch of emergency and
time-constrained decisions during testing. It is recognized
that on small or one-of-a-kind programs, such a preplanned
approach is not aIwaYs possible, since early preparation and
checkout of such preplanned ?rocedures IS necessary and budgets
or schedules do not always allow such planning. Nevertheless,
such an approach can be cost-effective, particularly if problems
are anticipated.

For component tests, the screening of part6 used for
replacement Is important.- For space vehicles, the degree of
component screening is a critical parameter. Although
MIL-STD-1540B requires complete component testing prior to
installation on the space vehicle, some components are not
tested over their full range of performance requirements until
they are assembled on the space vehicle. For those cases,
consideration must be given to the previous tests missed by the
replacement component, if the tests are not repeated.

In view of the above, the following retest guidelines are
recommended for space vehicles with significant rework:

0 Bvaluate whether previous tests induced the
failure and which test6 were invalidated by the
rework.
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TABLE II.

Retest Matrix

Procedure Test Requirements Component Requiring Retest
Paragraph
Bumber Test Name A B E F 6 H I J K Etc.
1.0 TT&C Check
1.1 Downlink or Uplink Control .4
1.2 Primary Power Application X
1.3 Transponder Mode Switching ) ¢
1.4 Antenna Control X X
2.0 NAV System Ground Test
2.1 Warmup X X X
2.2 Standby X ) ¢
2.3 On-pad Align or Calibrate X X
2.4 Post-calibrate Gyro Mode X X

Ete.

s861 ATINCL TO
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o Determine the subsystem(s) test(s) affected by
the rework.

o Assure that all replacement components have been
component acceptance-tested.

o Perform an abbreviated functional test after
rework to assure that all equipment is
operational after rework.

0 Repeat all environmental tests considered to have
induced failure or were invalidated by the rework.
o Repeat the functional test during which the

failure occurred.

o For higher degree of risk minimization, repeat
the acoustic test regardless of its involvement
with the failure.

o For highest degree of risk minimization, repeat
all previous environmental tests.

6.3.9 Retest of space Vehicle with Minor Redesign or Rework

6.3.9.1 Rationale for Retest of space Vehicle with Minor
Redesign or Rework. A minor redesign or rework is one that
does not fit the definitions for major redesign or significant
rework. Examples of a minor space vehicle redesign or o
corrective rework are as follows:

a. An adjustment to "tune" a component

b. Replacement of an easily accessible electrical
component with “plug-in* connectors whose
continuity after replacement can be easily checked

C. Replacement of an easily accessible mechanical
component with fittings whose torque and leakage
can be easily checked

6.3.9.2 Guidance for Retest of Space Vehicle with Minor
Redesign or Rework. Minor redesign or rework that does not fit
the definitions for major redesign or significant rework. The
followli<ng guideline6 are recommended for a minor space vehicle
rework:

0 Evaluate whether previous test6 induced the
failure or were invalidated by the rework.

0 Assure that all replacement components have been
acceptance-tested.
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0 Perform an abbreviated functional test to verify
that the replaced component(s) are operational
after the KeWOKk.

0 Repeat all environmental tests considered to have
induced the fTailure ok were invalidated by the
KeWOKk .

0 Repeat the functional test during which the

failure occurred.

6.3.10 Retest Limits. The accumulated test time on
test articles must be considered when dynamic retests are
planned, 60 that their fatigue life is not expended. For
vibration tests, the characteristic6 of fatigue failures as
related to test level and time can be used to determine how much
time may be accumulated at acceptance test levels without
exceeding the fatigue encountered by a similar qualification
article at qualification test levels and durations. The
following formula fortp ha6 been adopted by a number OF space
contractors.

tp = (tQ)(z)(a/G) (M-S-K)

where

acceptance test time plus flight level
exposure duration resulting in fatigue damage
equivalent to damage accumulated during
qualification test duration

ot
)
"

tg = vibration qualification test duration

inverse slope of stress versus number Of

a =
cycle6 fatigue curve for the most fatigue-
critical material iIn the test article

M = margin between qualification and acceptance

vibration input6 in decibel6

S = 2, if the qualification and acceptance test
hardware were fabricated about the same time
and 3, i1f the qualification and acceptance
test hardware were fabricated several years
apart (and therefore, might not be uniform ok

identical)

K = a number ranging between 0.6 and 2.0, in
accordance with Table 1 (Paragraph 6.1.3.1)
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In order to determine retest time available, consideration
must be given to normal vibration test exposures during initial
component acceptance tests, vehicle level tests, and flight.
The use of this equation is discussed in Paragraph 6.1.3.1 of
this handbook.

6.4 TEST DATA. ANALYSIS

6.4.1 Standard Criteria. Contents of Pa-ragraph 4.4 of
?_IIII.-STD—ISQOB(x:equirements for test data analys-is) are a6
ollows :

4.4 TEST DATA ANALYSIS

Ateést data bank containing all pertinent systenm,
space vehicle, subsystem, and component test data taken
throughout the program shall be maintained. To permit as
complete an evaluation as possible of component,
subsystem, and space vehicle performance under the various
specified test conditions, all relevant test measurements
and the environmental conditions imposed on the units
shall be recorded on magnetic tape or by other suitable
means. These records are intended for post-test analysis
to supplement the real-time monitoring and to facilitate
replaceable item. The degree of retest shall be the
mechanized accumulation of trend data for the critical
test parameters. Test data shall be examined for our of
tolerance values and for characteristic signatures.
Transient responses and mode switching tests shall be
examined for proper response. The test data shall also be
compared across major test sequences for trends or
evidence OF anomalous behavior.

6.4.2 Rationale for Test Data Analvsis Reauirement. Test
data analysis is conducted to ensure that all specification
requirements are met and to eliminate any incipient failures.
Also, analysis ensures that a data base exists from component to
system level. and among all like item6 of hardware, from which
nominal performance variability can be determined and degrading
trends identified. The data bank is also necessary in evaluation
of anomalies which occur in orbital use of the system.

6.4.3 Guidance for Use of Test Data Analysis Reauirement.
Test methodology and monitored parameter6 should be the same
from component through system level to the maximum extent
possible. Selected trends together with test data are
recommended to be used as an integral element of hardware
certification. Key parameter sheets should include all critical
parameters, and any unusual or unexpected trends should be
evaluated to determine the existence o-f any trends toward6 an
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out-of-limit value or of an incipient failure within a component
or system interface. Comparison should be made to previous like
components to aid in determining whether the anomaly is peculiar
to that component or is generic in nature.

The requirement is applicable to those selected components,
subsystems, and systems whose operating characteristics are
judged complex and whose nominal repeatability is dependent on
the stability of its constituent elements. mplementation
requires a test methodology which looks at the same or related
critical parameter6 at each level of test, such that degradation.
or failure detected at higher levels of assembly can be traced
to the most probable cause at a lower level.

A matrix should be made showing evidence of test data
review and data acceptance at each post-test review. Each
matrix would then become part of the acceptance data package at
the component, vehicle, and system levels.
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SECTION 7
DEVELOPMENT TESTING

7.1 DEVELOPMENT TESTS

7.1.1 Standard Criteria. Content6é of Paragraph 5.1 of
MIL-STD-1540B pertaining to development testing are as follows:

The objective of the development tests is to assure
that testing of critical items at all levels of assembly is
sufficient to validate the design approach. Requirements
for development testf ng therefore depend upon the maturity
of the subsystems and components used and upon the
operational requirements of the specific program.
Development tests are necessary to validate new design
concepts and the application of proven concepts and
techniques to anew configuration. Development tests are
also conducted to verify design criteriafor structures and
components and to determine design margins and failure
modes. Development tests may be conducted on breadboard
equipment, prototype hardware, or the development test
vehicle equlpment and software. When development tests are
proposed on gqualifica tlon or flight hardware, the approval
of the contracting officer is requi red.

By its nature, development testing cannot be reduced to
a standardized set of procedures. The development test
requirements are necessarily unique to each new space
vehicle. Itisnot the Intent of this section to define the
required development tests, but to provide guidelines for
conducting appropriate tests when their need has been
established.

7.1.2 Rationale for Development Tests. Development tests
are conducted on breadboard equipment, prototype hardware, or on
prototype software to validate the design or manufacturing
approach.

For hardware, particular concern is on packaging design,
electrical and mechanical performance, and capability to
withstand environmental stress. New designs should be
characterized across worst case voltage, frequency, and
temperature variation6 at the breadboard level. Functional
testing in thermal and vibration environment6 is normally
conducted. For electronic boxes, thermal mapping in a vacuum
environment for known boundary conditions may be needed to
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verify the internal component thermal analysis. The correlated
thermal model is then used to demonstrate that critical piece
part temperature limits, consistent with reliability
requirements and performance, are not exceeded. Development
test6 involving mounting methods for parts, board sizes and
thickness, number of layers, or installation method should be
performed to evaluate new interconnect systems. Temperature
cycling and random vibration development testing should be
conducted to evaluate the entire package.-

. Tests of structural and thermal development models are
often-necessary to confirm dynamic and thermal environmental
criteria for design of subsystems; to verify mechanical
.~ interf ace6, and to. assess functional performance of deployment

mechanisms and thermal control systems. Space vehicle
development testing also provide6 an op‘portunity to develop
handling and operating procedures a6 well as to understand
system interactions. A mechanical fit and operational interface
test with the launch vehicle and handling facilities at the
launch site is recommended.

7.1.3 Guidance for Development Tests. Specific
development tests are conducted when their need ha6 been
fdentified by the contractor or when they are contractually
required. Itis not the intent of MIL-STD-1540B to limit
development testing, but to encourage without restrictions
appropriate development tests.

f

7.2 MODAL_SURVEY TESTING

7.2.1 Standard criteria. Contents of Paragraph 5.3 of
WIL-STD-1540B pertaining to modal survey tests of space vehicles
are as follows:

A modal survey is nmormally conducted to define or verify an
analytically derived dynamic model of the space vehicle for
use in launch vehicle flfght loading event simulations and
for use inexamtnations of post-boost configuration elastic
effects upon control precision and stability. This test is
conducted on a flight quality structural subsystem as
augmented by mass simulated components. The data obtained —
should be adequate to define orthogonal mode shapes, mode
frequencies, and mode damping-ratios of all modes which
OCCUr within the fre?uency range of Interest. In most
instances, modes in the frequency range from zero to SO Hz
should be measured.

7.2.2 Rationale for Modal survey Tests. The modal
survey test is an important el enment in the flight 1loads
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environment definition, which is essential to the verification
of the flightworthiness of the space vehicle structural design
and to the satisfaction of flight safety requirements. Usually
the critical loads experienced by a spacecraft structure in
flight are highly dependent upon the dynamic characteristics of
the spacecraft. For this reason, it is necessary that the
accuracy of the spacecraft model be determined through the
experimental measurement of the natural modes of the flight
configuration.

7.2.3 Guidance for Modal Survey Tests. Modal survey
tests are conducted to determine the natural mode frequencies
and the mode dampin% ratios. They should accurately map the
mode shape vectors of all modes in the frequency range of
interest, which is usually taken to be from zero to 50 Hz.
Orthogonality of the measured mode shapes is the most frequently
applied criterion for the accuracy of the mode test
measurements. Acceptable orthogonality is indicated when all
the off-diagonal terms in the normalized modal mass matrix are
less than o0.10. This is a technically demanding requirement and
is likely to be achieved only when careful attention is given to
planning and pretest preparations as well as to the proper
execution of the test.

65



MIL-HDBK-340 (USAF)
01 JULY 1985

THIS PAGE INTENTIONALLY LEFT BLANK

66



M L- HDBK- 340 ( USAF)
01 JULY 1985

SECTION 8
SPACE VEH CLE AND SUBSYSTEM LEVEL TESTS

8.1 SPACE VEH A E TEST BASELINES

8. 1.
7.1 of MI

1 Standard Criteria. Contents of Paragraphs 6.2 and
L-STD-1540B (requirement6 for space vehicle

gualification and acceptance tests baselines) are a6 follows:

6.2 SPACE VEHICLE QUALIFICATION TESTS

The space vehicle qualification test baseline consists of
all the required tests specified in Table |I. The test baselin=
shall be tailored for each program, giving consideration to
both the required and optlonal tests; however, deviations from
the baseline requirements for the required tests shall be
approved by the contracting officer. Aadditional special tests
such as alignments, Instrument calibrations, antenna patterns,
and mass properties that are conducted as acceptance tests for
flight vehtcles shall be conducted on the qualification flight
vehicle unit. If the space vehicle is controlled by on-board
data processing, the flight version of the computer software

sh

all be resident in the space vehicle computer for these

tests. The verification of the operational requirements shall

be demonstrated to the extent practicable.
F
Table I. Space Vehicle Qualification Tests
Test Reference Suggested Requiggd (R)
Paragraph Sequence optional (o)
Functional 6.2.1 IRY R
EMC 6.2.2 2 R
Acoustic 6.2.3 5 Rrf2)
Vibration 6.2.4 5 0
Pyro Shock 6.2.5 4 R
Pressure 6.2.6 3, 6 R
Thermal vacuum 6.2.7 9 R _
Thermal Balance 6.2.8 8 ~ R
Thermal Cycling 6.2.9 7- of3)

Notes: (1) Rlectrical and mechanical functional tests shall be

conducted prior to and foll wing each environmental test.

(2) Conduct vibration In place of acoustic test for vehicles
of compact shape and with weight less than 180 kilograms.

(3} Required If thermal cycling acceptance test 7.1.8 is
conducted.
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7.1 spack VEHICLE ACCEPTANCE TESTS

The space vehicle acceptance test baseline consists of
all the required tests specified in Table rrr. The test
baseline shall be tailored for each program, giving
consideration:to both the required And optional tests;
however, deviations from the baseline requirements for the
required tests shall be approved by the contracting officer.

Table 1rr. space Vehicle Acceptance Tests

Required (R)

Reference suggested OR
Test Paragraph Sequence optional (0)

Punctional 7.1.1 202/ R
EMC 7.1.2 2 o
Acoustic 7.1.3 S rf(2)
vibration 7.1.4 S 0
Pyro Shock 7.1.5 4 0
Pressure 7.1.6 3, 6 R
Thermal Vacuum  7.1.7 8 2131
Thermal Cycling 7.1.8 7 o
Storage Tests 7.1.9 o
special Tests 7.2 - o

Notes: (1) Electrical functional tests shall be conducted prior to
and following each environmental test.

(2) conduct vibration in place of acoustic test for vehicles
of compact shape And with weight less than 280 kilograms .

(3) Requirements Are modifted IT Thermal Cycling test 7.1.8
i1s conducted.

Additional special tests normally conducted by space vehicle
programs include alignments, instrumentation calibrations,
And measurements of mass properties, antenna patterns, And
magnetic field. Since performance and accuracy requirements
Are generally program peculiar, And test methods are
typically contractor peculiar, these tests Are not included
In this standard.

IT the space vehicle i1s controlled by on-board data
Brocessing, the flight version of the computer software shall
e resfdent in the space vehicle computer for these tests.
The verification of the operational reguirements shall be
demonstrated 1IN these tests tO the extent practicable.
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8.1.2 Ratiaonale for Space Vehicle Test Baseline Reauirenents.
Environnental qualification tests are a formal denonstration that
a production vehicle (or prototype) is adequate to successfully
sustain specified environnental “design levels. These tests are
mainly perforned to determne if there are factors that may have
been over| ooked during design, analysis, or manufacturing.
Additionally, the environnments used during these tests are the
design levels that are nore severe than those predicted to occur
during flight in order to account for variabilities in subsequent
production articles and other uncertainties. Qualification test
requi renents, therefore, incorporate margins which are added to
the range of environnental extremes and stresses expected to occur
in service. Before qualification testing, the space vehicle
shoul d have been subjected to the sanme controls, inspections,
alignnents, and tests inposed on flight vehicles. his includes
conpl etion of the environnmental acceptance tests.

The environmental tests required for space vehicle qualifi-
cation are EMC, acoustics (vibration for certain configurations),
pyrotechni c shock, thermal bal ance, thernmal vacuum and pressure
test of fluid subsystens before and after thepyrotechnic shock
and acoustic tests.” Functional tests are requirted before and
after each environnmental test. Thermal cycling at anbient pressure
is an optional test but becones a required test if thermal cycling
is inposed for space vehicle acceptance testing.

For certain configurations, random vibration may replace
acoustic testing as one of the required tests. In general, these
situations arise when the space vehicle is of small size and has a
high density. Forsuchasmall conpact vehicle, acoustic noise
may not adequately excite vibratory responses, due to insufficient
surface area over which the acoustic pressures na¥ act, and due to
a_frequency m smat ch between the excitation and the natural
vibration trequencies related to the dinensions of the space
vehicle. In such a case, vibration testing is used to generate a
nore realistic response in the test specinen.

Envi ronnental acceptance tests areconducted on space vehicles
to denonstrate flightworthiness and to disclose quality deficiencies
inthe flight article. Acceptance tests are intended to satisfy
t hese goal s by subjecting the space vehicle to themaxi mum environ-
ment al exposures expected in service. The test programis conprised
of a series of tests; sone are required tests, while others are
optional. Required vehicle-level acceptance tests include thernal
vacuum acoustic (or vibration for certain configurations), pressure
test of fluid subsystems, and functional tests before and after each
environmental test. Augnmenting the required tests are those
optional tests which are considered appropriate in accordance wth
the goals and characteristics of a given space vehicle program
Among the optional acceptance tests are EMC, pyrotechnic shock, and
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thermal cycling. If thermal cycling is performed, the thermal
vacuum testing requirenents for the space vehicle are reduced, and

t he nunber of thermal cycles specified for the thernmal vacuum test
may be reduced fromfour to one.

8.1.3 guidance for llse of Spece Vehicle Test Baseline
i . The suggested sequence of environnental tests is

based on three considerations: preserving the sequence or
concurrent nature ofthe service environments, assuring that
otential failures will be detected as early as possible with the

east cost and schedul e inpact, and assuring detection of _
dynanlcallﬁ induced intermttents. Therefore, dynamic tests, which
simul ate the launch and ascent environment and are generally of
short duration with linmted performance testing, should precede
thermal vacuumtests, which simulate [ong durafion orbital
environments where greater opportunity is afforded for nore

ext ensi ve diagnostic testing. The dynamc tests provide an
opportunity for the detection of dynamcally induced intermttents
not usually detected in post-dynami c functional tests. wever, 1n
recognition of iprogrampeculiar requirenents, such as the buildup
sequence and |ogistic considerations, the order of testing in

M L- STD-1540B is only a suggested rather than a required sequence.
However, the sequencing used should recognize that the thernal
vacuum test offers an opportunity of performng a conpletely
integrated orbital performance check and should be run towards the
end of the test sequence.

In order to mnimze changes to test setups and
instrumentation, the acceptance test exposures required for the
qualification article nmay be integrated with the qualification test
proPran1by_perforn1ng t he acceptance level test just prior to the
qualification level test. For exanple, in conducting the space
vehicl e acoustic qualification test, the acceptance |evel acoustic
envi ronment woul d be inposed for its prescribed duration before
inposition of the full qualification acoustic environnent. By
conducting the acceptance test just before the applicable, _
qual i ficafion test exposure, a secondary objective of validating
the environnental acceptance test programis acconplished.

vehicle level, has proved to be _extrene useful and cost-effective
in disclosing latent-defects. Thermal cycling tests are al so
useful for periodic testing of vehicles in storage to assure that
they remain flight-ready.

The thermal cycling test, which naY be inposed at the space
y

_ The mechanical and electrical functional tests are extremely

inportant elenents in the test baselines. The functional tests are

conducted prior to and after each of the environnental tests. They
70
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should be designed to verify that performance of the conponents and
of the space vehicle meets ‘the specification requirements, that the
conponents and the space vehicle are conpatible wth ground support
equi prent, and that all software used is validated, such as in
conput er-assi sted commanding and data proce33|n?: In addition, the
electrical functional tests should include negative logic testing to
verify lockout, to assure that no function other than the intended
function was performed, and to verify_that the signal was not

resent other than when progranmmed. ~To the extent practicable, the

unctional tests should also be designed so that a data base of
critical paranmeters can be established for trend analysis. This is
acconpl i shed bY measuring the sanme critical paraneters in all of the
functional tests conducted before, during, and after each of the
baseline environnental tests. During these tests, the maxi num use
of telenetry should be enployed for data_acquisition, problem

i dentification, and problem isolation. This can assist in
mechani zing the data base for trend analysis and provides training
for on-orbit flight support.

~ The trend data and the final anbient functional test conducted
Prlor to shipnent of the space vehicle to the launch base provide

he data to be used as success criteria during |aunch base testing.
For this reason, the vehicle level functional tests should be
de3|?ned so that they can be duplicated, as nearly as possible, at
the Taunch base.

It is extrenely inportant that functional tests be conducted
before and after each environnental test. These functional tests
provide the criteria for judging successful survival of the space
vehicle in a given test environnent. It is also |nPortant_to perform
functional tests of space vehicle subsystens while the environnent
is being inmposed. This is especially inportant for the thernal
bal ance or thermal vacuum tests, since the space vehicle is expected
to be fully operational under these conditions. It is considered
appropriate during acoustic or random vibration acceptance tests to
have the vehicle 1n an operating node representative of |aunch and -
ascent. The launch and ascent tine period usually involves a
mnimum |evel of functional performance, wth many subsystens.
inoperative. It is probable that any undetected ‘dynamcally induced
fault which was not detected in the post-test functional test would
be found during the thernmal test which requires full subsystem
per f or mance nonltorln%. This again is rationale for performng
dynam c tests before thermal environmental acceptance testing. For
qualification and protofllqht space vehicles; however, dynamc tests
shoul d be performed on fully functional space vehicles wth their
performance monitored for intermttents. Miny design related
defects such as inproper nounting, inadequate clearances, or
electrical intermttents, which otherw se escape detection by pre-
and post-test functional checks, reveal themselves during dynamc
environnental qualification or protoflight testing.
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Practical limtations frequently restrict the extent of
operation of space vehicle subsystens during the relatively brief
acoustic test. In recognizing this problem ML-STD 1540B permts

extended functional testing wth subsystens operating and
monitored, but conducted at a level 6 aB |ower than the required
t est #evgl, after the required environmental exposure has been
sati sfi ed.

~For small conpact spacecraft, acoustic testing wll not
provi de adequate environmental sinulation, and random vibration
shoul d suppl ant the acoustic test. ML-STD 1540B directs that
vibration testing be considered for vehicles of conpact shape and
wei ght |ess than 180 kil ograns (approximtely 400 pounds). For a
| aunch vehicle such as the STS, which produces considerable
acoustic noise in the | ow frequency range bel ow 100 Hz, the

wavel engt hs oft he domi nant frequencies are |onger than 10 feet.

|f a small heavy cylindric space vehicle, 4 feet in dianmeter and 3
feet long, were teSted in a representative acoustic environment,
the resulting vibration response of the vehicle mght fall short

of si mul ati ng actual conditions in the |ow frequency range. In
such an instance, random vibration testing could becone the _
preferred node of testing. |If there is insistence on an acoustic
test node, it naK become necessary to include the interfacing
structure with the space vehicle test specinen to achi eve adequate
sinulation. This could include cradles which hold the space
vehicle or associated upper stage, or even a portion of the |aunch
vehicle. The proportions of the test article should correlate
with those of the environmental frequency range of interest.

Where either test may be appropriate, equivalent vibration and
acoustic criteria should be derived by analysis or enpirical

observations to provide corresponding criteria. 1In addition to
considering fidelity of sinulation, a number of practical issues
are involved in this matter. Random vibration equi pnent

capabilities are limted in terns of displacenent, force output,
and frequency range. An acoustic chanmber which sinulates the
ascent acoustic environnent from 25 to 10,000 Hz can usually
accommodat e relatively large vehicles, regardl ess oftheir

weight. However, a randomvibration test facility inposes weight
limtations based upon vehicle plus fixture weight because of its
force limtations. In addition, nechanical vibration exciters

have difficulty generatln? frequenci es above 2000 Hz. Also, a
very real danger exists of anomal ous behavior of the vibration
excliter such as sudden shutdowns, runaways, and |line transients.
Wien the space vehicle is intinatelr attached to a vibration
exciter of significant force capability, nuch damage can be
inflicted unless careful attention is devoted to safeguards. The
decision to performeither acoustic orrandomvibration tests

i nvol ves much engineering judgnent. Situations may arise in which
some conbi nation of acoustic and vibration tests provides the best
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solution. The Ilow frequency portion of the environment may best
be simulated by mechanical vibration, while the mid and high
frequencies may be more suitably tested by acoustic methods.
Familiarity with the Capabilities ofthetw test nethod6 and an
under st andi ng of the physical aspects of the environnmental
simulation aids in Selecting the best conbination O tests.

Table6 III through VI sunmarize the inportant paraneters of
space vehicle environmental tests. They are useful as concise
references to the major test requirenments and for conparing
qualification to acceptance test requirenents.

TABLE 11l. Thermal Cycling Test--Space Vehicle Qualification
and Acceptance Test Parameter6

Thermal Cycling Test Qualification Accept ance
Parameter6 - Para. 6.2.9 - Para. 7.1.8

Temperature Range Max. possible Max. possible

Differential within constraints, | within constraints,
wi th m ni num of with minimum of
70°C 50°C

Tenperature Extreme6 | Not Specified in Not specified in |
para. 6.2.9 para. 7.1.8 :

Nurmber of Cycle6 No. of cycle6 40 mi ni mum

= 125 percent of
acceptance test -
= 50 m ni num

O

Dwell Dur ati on not Dur ati on not i
Specified. On specified. Om
| ast cycle only, | ast cycle only,
at each tenp. at each tenp.
extrene, for extrene, for
functional test. functi onal test.
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TABLE IV. Thermal Vacuum Test--Space Vehicle Qualification

and Acceptance Test Parameters.

Thermal Vacuum Test
Parameters

Qualification
- Para. 6.2.7

Acceptance
- Para. 7.1.7

Temperature Range
and Extremes

Min. predicted to
max. predicted
temp. environments
plus environmental
design margin of
10°C, for one
component in each
vehicle equipment
area

Min. predicted to
max. predicted
temp. environments,
for one component
in each vehicle
equipment area

Number of Cycles

Min. of B cycles

Min. of 4 cycles it
thermal cycling
not performed

Dwell

Min. of B hours
soak at each temp.
extreme of each
cycle

Min. of B hours
soak at each temp.
extreme of each
cycle

Pressure

10-4 Torr or less

10-4 Torr or less
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TABLE V. Pyrot echni ¢ Shock Test--Space Vehicle
Qualification and Acceptance Test Parameters
Pyrotechnic Pyro Shock Pyro Shock
Shock Test Qual ification Accept ance
Par anet ers - Para. 6.2.5 - Para. 7.1.5

Shock Level

Max. predicted shock
envi ronment pl us

envi ronment al design
margin of 6 dB

Max. predicted
shock environnent

Nunber of Shocks

At least one firing

Required for re-

(number O of each pyrotechnic furbi shabl e device6

firings) devi ce. 3 firing6 only. One firing
for devices of each device
produci ng shocks causi ng significant
within 6 @B of nax. shocks to critica
measured response and shock-sensi-
from any devi ce. ti ve conponents.

TABLE WI. Acoustic Test--Space Vehicle Qualification

and Acceptance Test

Par amet er s

Acoustic Test
Parameters

Qualification
- Para. 6.2.3

Accept ance
- Para. 7.1.3

Sound Pressure
Level

Greater of: maxi mum
predicted environ-
nment plus environ-
nment al design
margin of 6 dB,
144 aB overal

G eater of: max.
predi cted environ--
ment, or 138 dB
overall

Test Duration

Geater of: 3 times
expected flight
exposure time, or
3 tine6 acceptance
test duration, or
j-mnutes mninum

Greater of: max.
expected flight
exposure time, or
| -m nute mnimum
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8.2 SPACE VEH CLE ACQUSTIC TESTS

8.2.1 Acoustic CQualification Tests

8.2.1.1 standard (riteria. contents Oof 'Paragraph 6.2.3
of MIL-STD-1540B (requirenents for space vehicle qualification
acoustic test).are as fol | ows:

6. 2. 3 Acoustic Test, Space Vehicle Qualification

6.2.3.1 _purpose. This test demonstrates the ability of the
space vehicle to withstand or, 1f appropriate, to operate in
the design level acoustic environment which 4s the maximum
level imposed in flight plus a design margin. This test also
verifies the adequacy of component vibration qualification
criteria.

6. 2. 3.2 _Test pescription. The space vehicle shall be
installed ina reverberant acoustic cell capable OF
generating desired sound pressure levels. rt shall be
mounted on a flight-type support structure or reasonable
simulation thereof. The mechanical configuration of the
space vehicle shall be as it is during ascent (for example,
solar arrays and antennas stowed). Where Fossible. ground
handling equipment and test equipment shall e removed.
Adequate dynamic instrumentation shall be installed to
measure vibration responses at attachment points of critical
and representative components.

6.2.3.3 _Test Levels and puration. The acoustic test
spectrum shall e the design environment (see 3.8) which is
the maximum predicted flight environment (see 3.20) plus the
design margin (é d8 . see 3.12). However, the overall sound
pressure level of the qualification test shall not be less
than 144 ds. Exposure test time shall be at least three
times the expected flight exposure time to the maximum flight
environment, -or three times the acceptance test duration if
that is greater, but not less than 3 minutes. Operating time
should be divided approximately equally between redundant
circuits. Where tnsufficient time Is available at the full
test level to test all redundant etrcut ts, alz functions, and
all modes, extended testing-at a level 6 dB lower shall be
conducted .as necessary to complete functional testing.

6.2.3.4 Supplementary Requirements. During the test all
electrical and -electronic components, even iIf not operating
during launch, .shall be electrically energized and-sequenced
through wperational modes tO the maximum extent possible with
the exception of components that may sustain damage if
eneryized. -Continuous monitoring -tf several perceptive
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parameters shall be provided to detect intermttent failures.
Functional tests are required before andafter the environnental
exposure.

8.2.1.2 Rationale for Qualification Acoustic: Tests. Acoustic
qualification tests are a formal denonstration that a production
space vehicle can successfully sustain the specified acoustic
design levels. The space vehicle acoustic qualification test also
serves as a source for accurate vibration data which may be used to
conpare W th conponent qualification test requirements, as well as
formng a reference for evaluating vibration |evels encountered
during acoustic acceptance testing of subsequent vehicles.

. .8.2.1.3 Guidance for Oualification Acoustis Tesht. A
critical element in the space vehicle acoustic qualification test
is the instrumentation used to neasure the acoustic |levels and the
vi bration response of the equipnment subjected to the acoustic
inputs. The quantity of instrunentation required may vary w dely
fromprogramto programdue mainly to the size and conplexity of
the test vehicle; however, sufficient vibration data should be
obt ai ned such that every conponent na% be evaluated. For l|arge
vehicles, it would not be unusual to have in excess of 100
accel eroneter neasurenents. \Wiere |arge nunbers of neasurenents
are not feasible and when each conponent cannot be instrunented,
enphasi s shoul d be Placed_on t hose conponents which have exhibited

oor conponent |evel qualification history or which are known to

ave less than 6 a8 qualification nmargins. It may be feasible to
choose locations which are representative of several conponent
mount i ngs. In general, neasurenents should be nade on prinmary or

secondary structure at conFonent attachment points. Measurenent on
the conponent attachnment flanges or lugs is acceptable only when
there is no roomon the adjacent structure.

_ In general, triaxial measurenents shoul d be taken; however, a
single axis may be taken when it is known to be the higher response
axis or is the axis of maxi mum conponent sensitivity. ~The data

acqui sition system should have the capability of acquiring accurate
data from 20 to at |east 2000 Hz.

8.2.2 Acoustic Acceptance Tests
8.2.2.1 Standard Citeria. -Contents of Paragraph 7.1.3 of

M L- STD- 1540B < requirements for space vehicle acceptance acoustic
test) are as follows:

7.1.3 Acoustic Test, space Vehicle Acceptance

7.1.3.1 Purpose. Thi S test sinulates the acoustic and vibration
envi ronnent imposed on a space vehicle in flight in order to
detect material and workmanshi p defeets that mnight not be detected
inastatic test condition.
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7.1.3.2 Test Description. Same as 6.2.3.2.

7.1.3.3 Test Levels and Duration. The acoustic spectrum shall
represent the maximum predicted flight environment as defined in
3.20. The overall sound pressure level for acceptance testing
shall not be less than 138 dB. The exposure time at full
acceptance test level shall equal or exceed the maximum expected
flight exposure time, but the test time shall not be less than 1
minute. Operating time should be divided approximately equally
between redundant circuits. Where insufficient time is available
at the full test level to test all redundant circuits, all
functions, and all modes, extended testing at a level 6 dB lower
shall be conducted as necessary to complete functional testing.

7.1.3.4 Supplementary Reauirements. During the acoustic
acceptance test all electrical and electronic components which
are operating during the launch, ascent, or reentry phase shall
be electrically energized and sequenced through operational modes
to the maximum extent possible. Continuous monitoring of several
perceptive parameters shall be provided to detect intermittent

failures . Functional tests are required before and after the
environmental exposure.
a-2.2.2 _Rationale f or Acceptance Acoustic Tests. Acoustic

acceptance tests are conducted on space vehicles to denonstrate
flightworthiness and to disclose quality deficiencies by
subjecting each flight_article to the maxi mum acoustic exposure
expected in service. The space vehicle acoustic acceptance test

al so serves as a source for vibration data which nay be used to
conmpare with conPonent expected flight I|evels, conponent

acceptance test levels, space vehicle qualification levels, and as
a diagnostic aid in the event of conponent nalfunction or failure.

8.2.2.3 Cuidance for Acceptance Acoustic Tests. An
inportant elenment in the space vehicle acoustic acceptance test is
the instrunentation used to neasure the acoustic |levels and the
vi bration response of the equiprment subjected to the acoustic
inputs. The quantity ofinstrunmentation is governed by the size
and conplexity of the test vehicle. Particular attention should
be given to those conponents critical to the flight mssion, and
whose qualification test margin is less than 6 dB or which have a
poor vibration test history. Single-axis neasurements nay be nmade
in lieu oftriaxial, when that axis has been shown to be the
hi gher response axis or is the axis of nmaxi num conponent
sensitivity. A total of 12 neasurenents is considered nom nal
In some instances, the accel eroneter and sone of its wiring may be
left in place for flight, if its renoval would require partial
di sassenbly and thus cause additional testing. I'n general
accel eroneter |ocations should duplicate those used in the
qualification testing.

78
Super sedes Page 78 of 01 JuL 85



MIL-HDBK-340 (USAF)
01 JULY 1985

8.3 SPACE VEHICLE VIBRATION TESTS

Vibration tests, per Paragraphs 6.2.4 and 7.1.4 of
MIL-STD-1540B. are conducted in place of acoustic tests for
vehicles of compact shape and with weight less than 180
kilograms. The rationale and guidance for space vehicle
qualification and acceptance vibration tests are the same as
for acoustic tests (see Paragraphs 8.2.1 and 8.2.2 above).

8.4 SPACE VEHICLE PYROTECHNIC SHOCK TESTS
8.4.1 Pyrotechnic Shock Qualification Test

8.4.1.1 Standard Criteria. Contents of Paragraph 6.2.5
of MIL-STD-1540B (requirements for space vehicle qualification
pyrotechnic shock test) are as follows:

6. 2.5 pyro Shock Test, space vehicle Qualification.

6.2.5.1 Purpose. This test demonstrates the capability of
the space vehicle to withstand or, If appropriate, to operate
in the design level pyro shock environments which are the
levels predicted for flight plus a design margin. This test
also verifies the adequacy of component pyro shock criteria.

6.2.5.2 Test Description. In this test or series of test
segments, all pyrotechnically operated devices and other
equipment capable of imparting asignificant shock impulse to
the space vehicle shall be operated. Separation subsystem
shocks are of ten more severe than those from other
pyrotechnic devices, and operation of the separation
subsystems is therefore particularly significant. For these
tests, the space vehicle shall be suspended or otherwise
supported so as to preclude the possibility of recontact
between separated portions thereof. When significant shock
levels are predicted from subsystems not on board the space
vehicle under test, such asthe launch vehicle separation
shock, the adapter subsystem or suitable simulation shall be
attached and appropriate pyrotechnics or other means used to
simulate the shock imposed. Adequate dynamic instrumentation
shall be installed to measure pyro shock responses in 3 axes
at attachment points of critical and representative
components.

Support of the space vehicle varies with the configuration
and may vary during the course of this test series. To
permit optimum positioning and prevent damage to such items
as deployment booms, paddles, and ejectables, a series of
individual test setups or deployment restraints may be
required. The test setup shall permit, asnearly as
possible, flightlike dynamic response of the space vehicle
structure.
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6.2.5.3 Test_Levels and Duration.. All pyrotechnic devices
(e.%., explosive bolt, nut., pin puller, marmon clamp, etc.)
shall be fired at least one time. Those pyrotechnic devices
producing shock levels within ¢ a8 of the maximm shock
response measured frmayOF the devices shall be fired two
additional times to provide the expected variability in the
shock “environment. Firing of both primary and redundant pyros
:"}ia'nh be In the same sequence as they are designed to fire iIn
ight.

6.2.5.4_supplementary Requirements. Electrical and
electronic components shall be operating and monitored to the
maximm extent possible. Functional tests are required before
and after environmental exposure.

8.4.1.2 Rationale for Pyrotechnic Shock Qualification.
The pyrotechnic shock qualification tests are a forma
denonstration that a production space vehicle can successfully
sustain the specified pyrotechnic shock design |evels. The
pyrot echni c shock qualification test also serves as a source for
accurate shock data, which may be used for conparison with
conponent qualification test requirements, and for formng a
data base for evaluation of shock |evel 6 measured during
acceptance shock testing O subsequent vehicles.

8.4.1.3 i dan for r ot echni hock alificati
Test. Acritical element in the space vehicle pyrotechnic
shock qualification test is the instrunmentati on used to neasure
t he pyrotechnic shock response levels of the equipnment subjected
to the pyrotechnic shoeck inputs. The quantity of
instrunentation required may vary widely from program to program
due mainly to the size and conplexity of the test vehicle:
however, sufficient data should be obtained such that every
conponent may be eval uat ed. For large vehicles, it would not be
unusual to have in excess of 100 accel erometer neasurenents.
Wiere |arge nunber6 of neasurenments are not feasible and when
each conponent cannot be instrumented, enphasis should be placed
on those conponent6 which have exhibited poor conponent | evel
qualification history or which are known to have less than 6 4B
qualification margins. It may be feasible to choose |ocation6
whi ch are representative of several conponent nountings. In
general, neasurenents should be made on primary Or secondary
structure at conponent attachment points. Measurement on the
Conponent attachnent £langes or lugs is acceptable only when
there is no roomon the adjacent structure. Shock6 from al
potential shock-generating events should be neasured.

In general, triaxial neasurements should be taken: however,
a single axis may be taken when it is known to be the higher
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response axis or is the axis of maximum component sensitivity.
The data acquisition system should have the capability of
acquiring accurate data from 100 to at |east 10,000 Hz at
frequency intervals of one-sixth octave or less.

| n addition, if no design verification or development shock
testing was conducted, it is highly desirable to obtain data to
aid in characterization of the source shock. Measurements
should be made within 6 inches of the source with as few
intervening mechanical transitions as possible.

8.4.2 Pyrotechnic Shock Acceptance Test

8.4.2.1 Standard Criteria. Contents of Paragraph 7.1.5
of MIL-STD-1540B (requirements for space vehicle acceptance
pyrotechnic shock test) are as follows:

7.1.5 pyro_Shock Test, Space Vehicle Acceptance

7.1.5.1 purpose. This test simulates the dynamic shock
environment imposed on a space vehicle in flight in order to
detect material and workmanship defects.

7.1.5.2 Test Description. Same as 6.2.5.2.

7.1.5.3 Test Levels and puration. Pyrotechnic shock
acceptance testing of space vehicles shall be required in those
instances where the shock-producing mechanism can be readily
refurbished for flfght, as i s often the case for explosive
nuts, bolts, pinpullers, and clamps. One firing of those
pyrotechnic devices causing significant shocks to critical and
shock sensitive components shall be conducted. Firing of both
prfmary and redundant pyros 1s required in the same
relationship as they will be used in flight. However, where
the pyrotechnic mechanism explosively severs structure by
detonation of detonating fuse or shaped charge, such testing
shall not be included or required. To aid in fault detection,
the pyro shock test shall be conducted with subsystems
operating and monitored to the maximum extent practical.

8.4.2.2 Rati
Pyrotechnic shock acceptance test6é are conducted on space
vehicles to demonstrate flightworthiness and to disclose quality
deficiencies by subjecting each flight article to the maximum
pyrotechnic shock exposure expected in service. The space
vehicle pyrotechnic shock acceptance test also serves as a
source for data which may be used to compare with component
expected flight levels, component acceptance test levels, space
vehicle qua?ification levels, and as a diagnostic aid in the
event of component malfunction or failure.
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8.4.2.3 (Quidance for: Pvrotechnic Shock Acceptance Test.
An important element in the apace vehicle pyrotechnic shock --
acceptance- test is ‘the instrumentation used to measure the.
pyrotechnic shock” evels and the vibration. response of the
equipment. subjected to the pyrotechnic .shock inputs. The
quantity of instrumentation is governed. by the size and
camplexity of the test vehicle. Instrumentation may be
~restricted. to those component6 which are critical. to.-the flight i
misgion,. and whose qualification test margin is }ess than 6 4B
or which have a poor vihration t66.t historys Single-axis
measurements may be made in-lieu of triaxial, when that axis has
been shown to be the higher response axis or is the axis of
maximum- component sensitivity.::A total of 12 measurements is
considered nominal. In some: instances, the accelerometer and
some. Of it6 wiring may be left in place for flight, if it6
removal would require partial disassembly and thus cause
‘additional tes-ting. In general, accelerometer locations should
duplicate. those used in the qualification testing.

8.5 SPACE VEHICLE PRESSURE TESTS

8.5. X Standard Criteria. Content6 of Paragraph6 6.2.6
and 7.1.6 of MIL-STD-1540B (requirement6 for space vehicle
qualification and acceptance pressure tests) are as follows:

6.2.6.1 purpose. This test demonstrates the capability
of fluid subsystems to meet the flow, pressure, and
leakage rate requirements specified.

6.2.6.2 Test Description. The space vehicle shall be
placed in a facility that provides the services and safety
conditions required to protect personnel and equipment
during. the testing of high-pressure subsystems and in the
handItng of dangerous fluilds. Tests shall be performed to
verify compatibility with the test setup and to ensure
that proper control of the equipment and test functions ts
provided. The requirements Of .the subsystem including
flow, leakage, and regulation shall be measured while
operating applicable valves, pumps, and motors. The Tlow
. checks shall verify that the plumbing configurations are
adequate. Checks for subsystem cleanliness, moisture
&W&S, and pH shall also be made. Where pressurized
subsystems are assembled with other than brazed or welded
-+ connections, the specified torgue values for. these
" connections shall be verifted prior to leak checks.

In addition to the high pressure test, propellant tanks

and thruster valves shall be tested for leakage under
propellant servicing conditions. The system shall be
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evacuated to the internal pressure normally used for
propellant loading and the systems pressure monitored for
any indication of leakage.

6.2.6.3 Test_Levels and Duration. The subsystem shall be
pressurized to proof pressure (see 3.34) and held for 5
minutes, then the pressure shall be reduced to the maximum
predicted operatfng pressure fsee 3.21). Unless specified
otherwise, the proof pressure equals 1.5 times the maximum
operating pressure. This sequence shall be conducted
three times. Inspection for leakage after these cycles
shall be at the maximum operating pressure. The duration
of the evacuated propulsion system leak test shall not
exceed the time that this condition is normally
experienced during propellant loading.

6.2.6.4 Supplementary Requirements. Applicable safety
standards shall be followed in conducting all tests.

Specially formulated bubbleforming solutions are suitable
for detecting external leakage at such 1locations as
joints, fittings, plugs, and lines, where the allowable
limits are from 0.00001 to 0.01 cubic centimeters per
second (cubic cm per sec). Solutions that are used for
detecting leaks shall be compatible with the media being
leak tested or with the media which could contact any
residues. Liquid displacement methods may be used for
detecting leakage through poppet seats and internal seals
for measurement requirements of 0.1 to 30 cubic cm per
sec. Helium or radioactive tracer gas leak detectors may
be used for leakage rates from 0.0000001 to 0.0001 cubic
cm per sec. The use of halogen gas detectors for liquid
propulsion subsystems shall be avoided. Leak tests shall
be conducted only after satisfactory proof pressure tests
have been completed. Leak detection and measurement
procedures may require vacuum chambers, bagging of the
entire space vehicle or localized areas, or other special
techniques to achieve the required accuracies.

7.1.6 Pressure Test, Space Vehicle Acceptance

7.1.6.1 Purpose. This test demonstrates the capability
of fluid subsystems to meet the flow, pressure, and
leakage requirements specified in the space vehicle
specif ica tion.

7.1.6.2 Test bescription. Same as 6.2.6.2.

7.1.6.3 Test Levels and Duration. The leak checks shall
be performed by pressurizing the subsystem to maximum
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operating pressure and holdin? at this pressure for a
period commensurate with the leakage method being employed.

7.1.6.4 Supplementary Requirements. Same as 6.2.6.4.

8.5.2 Rationale for Pressure Test Reauirements. The
pressure tests defined in the standard criteria above are
conducted after assembly of a fluid subsystem. It is assumed
that each component has previously been pressure-qualified and
acceptance-tested. Consequently, the main emphasis of the
subsystem level pressure tests is the pressure and leakage
integrity of interconnects. Since components might have
degraded during storage, transport, handling, and assembly
operations, subsystem proof pressure tests are required in
addition to inspection for leakage. Tables | (Qualification)
and 11l (Acceptance) of MIL-STD-1540B require two vehicle or
subsystem level pressure tests: one before pyrotechnic shock
tests and one after the acoustic test.

For qualification tests, three proof pressure tests are
required each time a subsystem pressure test is conducted. For
the two. subsystem pressure tests required by MIL-STD-1540, this
requires a total of six proof pressure tests. The three proof
pressure cycles required for qualification are based on the
general concept of providing a qualification margin above the
acceptance test values. Since acceptance and qualfication fproof
pressures are required to be the same, the greater number o
gualification proof pressure cycles (three times the acceptance
cycles) are considered to provide this margin.

For acceptance pressure tests, a single proof pressure test
iIs required each time a subsystem pressure test is conducted.
For the two subsystem acceptance pressure tests per Table IV of
MIL-STD-1540B, this requires a total of two proof pressure
tests. For these tests, the system is raised to proof pressure
and held for five minutes at this pressure. The purpose of the
five-minute hold is to allow time for potential yield of the
materials or for potential crack growth-to occur. The magnitude

of _the proof pressure is as-required in -the subsystem
specification. MIL-STD-1522 provides proof pressure
requirements for components. The component with the lowest
proof pressure -requirement within the subsystem governs the
subsystem proof pressure magnitude.

Leakage of subsystems is usually determined at
interconnects and at exits for gases such as at thrusters and
fill or drain fittings. The maximum allowable leakage governs
the leakage testing method.
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8.5.3 Guidance for Use of Pressure Tests. The test
description of Paragraph 6.2.6.2 of MIL-STD-1540B provides a
synopsis for guidance. Further guidance for proof pressure
tests is provided in MIL-STD-1522. Guidance for leakage tests
iIs provided by the leakage testing handbook, NASA S-69-1117.

8.6 SPACE VEHICLE THERMAL VACUUM TESTS

8.6.1 Thermal Vacuum OQualification Tests

8.6.1.1 Standard Criteria. Contents of Paragraph 6.2.7
of MIL-STD-1540B (the requirements for space vehicle thermal
vacuum qualification tests) are as follows:

6.2.7 Thermal Vacuum Test, Space Vehicle Qualification

6.2.7.1 Purpose. This test demonstrates the ability of
the space vehicle to meet design requirements under vacuum
conditions and temperature extremes which simulate those
predicted for flight plus a design margin.

6.2.7.2 Test Description. The space vehicle shall be
placed in a thermal vacuum chamber and a functional test
performed to assure readiness for chamber closure. The
vehicle shall be zoned Into separate equipment areas based
on the location of critical components within each area.
Components that operate during ascent shall be monitored
for corona, and multipacting (see 3.271 asapplicable, as
the pressure is reduced to the lowest specified level.
Equipment that does not operate during launch shall have
electrical power applied after the test pressure level has
been reached. A temperature cycle begins with the space
vehicle at ambient temperature. The temperature 1is
reduced to the specified low level and stabilized.
Component temperature stabilization has been achieved when
the rate of temperature change is no more than 3degC per
hour. Following the cold soak, the temperature shall be
raised to the highest specified level and stabilized.
Following the high temperature soak, the space vehicle
shall be returned to ambient tenperatures to complete one
tenperature cycle. Functional tests shall be conducted
during the first and last temperature cycle at both the
high and low temperature limits with functional operation
and monitoring of perceptive parameters during all other
cycles. In addition to the temperature cycles, the
chamber shall be programed through various orbital
operations. operational sequences shall be coordinated
with expected orbital environments, and a complete cycling
of all equipment shall be performed incl udfng the
operating and monitoring of redundant equipment and
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paths. System electrical eguipment shall be operating and
monitored throughout the test. Strategically placed
temperature MONITOrsS shall assure attainment of

tempera ture limits. Strategical 1y placed witness plates
and quartz crystal microbalances or Other instrumentation
shall be installed in the test chamber tO assure that
outgassing from the space vehicle and test equipment does
not degrade system performance beyond specified limits.

6.2.7.3Test Levels and Duration. Temperatures in
various equipment areas shall be controlled by the
external test environment and fnternal heatlng resultin
from equipment operation SO that durin? the hot cycle the
temperature ONn at least one component In each equipment
area at Its design high temperature and one component
during the cold cycle Is ati ts design low temperature.
The temperature extremes shall be established by a survey
of predicted temperatures in various equipment areas and
may have to be adjusted to the performance of the most
sensitive components in a particular area. Temperatures
on the components shall not be allowed to exceed the
design levels for the components. The pressure shall be
maintained at 0.0133 pascals (0.0001 Torr)orless. All
orbital operational conditions and all equipment
functional modes including redundancy shall be tested.
The qualification test shall include at least eight
complete hot-cold cycles at the maximum predicted orbital
rate of temperature change and with at least an 8-hour
soak at each temperature extreme. Operating time should
be divided approximately equally between redundant
circuits .

6.2.7.4 supplementary Requirements. Since the purpose of
the more severe temperature extreme is to demonstrate an
adequate design margin, it may be necessary to force
temperature extremes at certain locations by altering
thermal boundary conditions locally or by altering the
operational sequence to provide additional heating or
cooling. Adjacent equipments may be turned on or off;
however, any special conditioning within the space vehicle
shall generallkl be avoided. External baffling, shadowing,
or heating shall be utilized to the extent feasible.

8.6.1.2 Ratiomale for Thermal Vacuum Qualification

Tests. The objective of the vehicle level qualification
thermal vacuum test is to verify satisfactory functional
performance of the vehicle when it is exposed to vacuum

conditions and design level temperature extremes. During this
test, temperatures of individual components must not be allowed

86



M L- HDBK- 340 ( USAF)
01 JULY 1985

to exceed their component qualification levels. [If component
failures or anomalies occur during this vehicle level test,
thermal data are needed to aid failure analysis and to determine
whether performance and material degradation due to environment
exposure are within acceptable limits.

8.6.1.3 Gui :
The vehicle is divided into separate equipment area6 or zones
for the thermal vacuum tests. The equipment areas are defined
by the number of critical or sensitive components, selected as
drivers for the test. For example, an entire equipment
compartment may be defined as an equipment area, or a
compartment could be subdivided into critical components within
the compartment. A space vehicle may be divided into as many
equipment areas as necessary to test critical subsystems and
components over the thermal range. Note that some subsystems
may be located within more than a single equipment area.

The quantity of instrumentation required for the thermal
vacuum tests may vary widely from program to program depending
on the size, complexity, and thermal sensitivity of vehicle
equipment. Sufficient thermal data should be obtained such that
every component may be evaluated. It is recommended that
consideration be given to instrumenting components such as the
following:

0 Those components whose function is sensitive to
variation in thermal conditions, such as
gyroscopes, should be instrumented with several
thermocouples in order to detect thermal gradients
which may exist across the component.

0 All flight-critical components should be
instrumented with thermocouples in order to verify
the component qualification requirements, with
respect to temperature extremes.

0 Those component6 which have a surface facing heat
sources or cold walls should be instrumented with
a thermocouple.on that surface in order to prevent
that surface from being exposed to temperatures
beyond its qualification limit. These
thermocouples should not be used for test control
of an equipment zone. Thermocouples should be
placed on at least one other surface (surfaces not
facing the heat source of cold wall), in order to
detect temperature gradients across the unit and
to determine the control temperature of the unit.

0 Components which are not flight-critical should
also be instrumented with thermocouples if they
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are tenperature-sensitive, or if the tenperatures
they will see in flight cannot be predicted
t hrough thermal analysis with sufficient accuracy.

Ther nocoupl es should be strategically |ocated on
conponents with heat sinks or thernmal shunts so
that an assessment O these systems can be nade.

Instrunmentation, such a6 quartz m crobal ances and
liquid nitrogen-cooled cold fingers, should be
strategically located to nonitor the rate and

guantity of outgassing and to coll ect
contam nation dat a.

Al test instrumentation should have current
calibration and alignnment date6 prior to
installation on the test vehicle.

The power consunption of pertinent conponents
shoul d be recorded prior to test initiation at
several voltage |evels.

Equi prent that is operational during |aunch should
be operational during the chanber pressure

punp- down. Conmponent 6 whose design is sem vented
shoul d al so be operational during the chanber
pressure punp-down. These conponent6 should be

nmoni tored for corona and multipacting during this
tine.

Al flight thernOCOUpl 86 should be operationa

t hroughout the thermal vacuum test.

thermocouples, both flight and test, should record
tenperature data in real time. Hard copies of the
tenperature data should be obtained periodically
and before, <during, and after significant events.

In the event of a power outage or failure of the
real -time data acquisition system precautions
shoul d be preplanned to prevent the space vehicle
and conponents from being exposed to environnents
beyond their qualification limts.

Phot ograph6 of the test article orientation within
t he thermal vacuum chanber, and of the |ocation6
of all thermocouples and contani nation nonitors,
shoul d be taken prior to closeout of the thermnal
vacuum chanber.

Those conponents and hydraulic lines which contain
fluids should be closely inspected before and
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after the test and, if at all possible, they
should be monitored for leak6 during the thermal
vacuum test.

0 1f at all possible, periodic visual check6 of the
space vehicle should be conducted during this test
(i.e., through portholes).

8.6.2 Thermal Vacuum Acceptance Tests

8.6.2.1 Standard Criteria. Contents of Paragraph 7.1.7 of

MIL-STD-1540B (the requirement6 for space vehicle thermal vacuum
acceptance tests) are a6 follows:

7.1.7Thermal Vacuum Test. Space Vehicle Acceptance

7.1.7.1 Purpose. This test detects material, process, and
workmanship defects that would respond to thermal vacuum and
thermal stress conditions and verifies thermal control.

7.1.7.2 Test Description. Same as6.2.7.2.

7.1.7.3 Test Levels and Duration. Temperatures in various
equipment areas shall be controlled by the external test
environment and internal heating resulting from equipment
operation so that the hot (or cold) temperature on at least
one component ineach equipment area equals the maximum (or
minimum) predicted temperature as defined in 3.25.. The
temperature extremes shall be established by a survey of
predicted temperatures in various equipment areas and may
have to be adjus ted to performance of themost sensitive
components in aparticular area. The pressure shall be
maintained at 0.0133 pascals (0.0001 Torr)or less.

Duration shall be sufficient to test all orbital operational
conditions and all egquipment functional modes Including
redundancy. Operating time should be divided approximately
equally between redundant circuits. [If the thermal cycling
test (7.1.8) is not conducted, the thermal vacuum acceptance
test shall Include atleast four complete hot-cold cycles at
the maximum predicted orbital rate of temperature change and
have at least an d-hour soak at each temperature extreme of
each cycle.

During one temperature cycle, thermal equilibrium shall be
achieved at both hot and cold extremes to allow verification
of perf ormance of the thermostats, louvers, heat pipes,
electric heaters, and the control authority of active
thermal systems. Thermal equilibrium has been achieved when
equlpment temperature change is not more than 3 deg C per
hour.
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7.1.7.4 supplementary Requirements. It may be necessary
to force temperature extremes at certain locations by

altering thermal boundary conditions locally or by
altering the operational sequence to provide additional
heating or cooling. Any sFeciaI conditioning within the
space vehicle shall generally be avoided. External
baffling, shadowing, or heating shall be utilized to the
extent possible.

8. 6.2.2 Rationale for Thermal Vacuum Acceutance Tests.
Thermal vacuum acceptance tests are conducted on space vehicl e6
to denonstrate flightworthiness and to disclose quality
deficiencies by subjecting each flight article to vacuum
condition6 and design |evel tenperature extreme6 expected in
service. The space vehicle thermal vacuum acceptance test also
serves as a source for data which may be used to conpare with
conponent expected flight |evels, conponent acceptance test
| evel s, space vehicle qualification levels, and as a diagnostic
aid in the event of conmponent nmalfunction or failure. The
t hermal vacuum acceptance test serves as a source for thernal
data which may be used to conpare with conponent design
tenperature limts, conponent acceptance test | evels, system
qualification levels, and as a diagnostic aid in the event of
conponent failure during or after the test. During the system
test, tenperature6 of individual component6 should not be
al l owed to exceed their conponent acceptance test |evels.

P

8.6.2.3 Quidance for Thermal Vacuum Acceutance Tests,
The quantity of instrunentation required may vary widely from
programto program depending on the conplexity and thernal
sensitivity of vehicle equipnent. Sufficient thermal data
shoul d be obtained such that all flight-critical, thermally
sensitive components may be evaluated. During the test,
t enperatures of individual conponent6 nust not be allowed to
exceed their component acceptance |evels.

8.7 SPACE VEHI A E THERVAL BALANCE TEST

8.7.1 Standard Criteria. Content6 ofParagraph 6.2.8 of
M L- STD- 1540B (requirement6 for space vehicle thernal bal ance
qualification test) are a6 follows: —

6.2.8 Thermal Balance Test. space Vehicle oualification

6.2.8.1 purpose. This test verifies the analytical
thermal model and demonstrates the ability of the space
vehicle thermal control subsystem to main tain components,
subsystems, and the entfre space vehicle within the
specified operational temperature limits. This test also
verifies the adequacy of component thermal design criteria.
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6.2.8.2 Test Description. The qualification space
vehicle shall be tested to simulate the thermal
environment seen by the space vehicle during the transfer
orbit and orbital mission phases. Tests shall be
conducted over the full mission range of seasons,
equipment duty cycles, solar angles, and eclipse
combinations so as to include the worst case high and low
temperature extremes for all space vehicle components.
Special emphasis shall be placed on defining the test
conditions expected to produce the maximum and minimum
battery temperatures. Sufficient measurements shall be
made on the space vehicle internal and external components
to effect verification of the space vehicle temd design
and analyses. The power requirements of all
thermostatically controlled heaters shall be verified
during the test. The test chamber, with the test item
fnstalled, shall provide a pressure of 0.0133 pascals
(0.0001 Torr!), or less. \Where appropriate, provisions
shall be made to prevent the test item from "seeing" warm
chamber walls by using black-coated cryogenic shrouds of
sufficient area and shape that are capable of
approximating liquid nitrogen temperatures. The space
vehicle thermal environment may be supplied by one of the
following three methods:

a. Method I. Absorbed Flux. The absorbed solar,
albedo, and planetary irradiation is simulated
using heater panels or IR spectrum adjusted for
the external thermal coating properties and
projected by IR lamps or heater panels.

b. Uethod Il. Incident Flux. The intensity,
spectral content, and angular distribution of
the incident solar, albedo, and planetary
irradiation is simulated.

C. Method 111. Combination. Thermal environment
is supplied by a combination of incident and
absorbed irradiation.

The selection of the method and fidelity of the simulation
depends upon details of the space vehicle thermal design
such as vehicle geometry, the size of internally produced
heat loads compared with those supplied by the externa
environment, and the thermal characteri stics of the
external surfaces. Instrumentation shall be incorporated
down to the component level to evaluate total space
vehicle performance within operational limi ts as well as
to identify component problems. The space vehicle shall
be operated and monitored throughout the test. Dynamic
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arbitsl simulation of the: space velifcle thermial

- enviromment shall Be provided uriless: the: external space
velkicle temperature does: ot vy significantly: with
time. . FPor exsmple, static Wto& I'= usually: adequate
for spinning space vehicles.

6.2.8.3 Tes : d-Duration.

durations: for tm'sf t‘ésr m dbwndem: upun the spacw
vehicle: configuration, design., and: mfssion: detafls-..
Normally, Bboundary conditfens for evaluating thermal
desigri shal¥ include: (a) saxtmuoy externsl absorbed flux
plus maximumy internal dissiipatior:, and €b) mitnimum
externxsl absorbed flux plus- mirimum internaF power:
dissipation. The thermal’ time constarit of the subsystems
and. orbital maneuvering both influence the: time required
for the space vehicle to achieve thermal equllibrium and
hence the test duration. Thermal equilibrium has been
achieved when the equipment temperature change 1s no more
than 3 deg C per hour. The tests should simulate the full
range of seasons, eguipment duty cycles, solar angles, and
eclipse combinations so as to produce the worst case high
and low temperature extremes for all space vehlcle
componernts.

6.2.8.4 Supplementary Requirements. This test augments
and validates the detailed thermal analysis. Pass
criteria depend not only on survival and operation of each
equipment within specified temperature limits, but also on
correlation of the test with theoretical thermal models.
As a goal, correlation- of test results to the thermal
model predictions should be within + 3 deg C. Lack of
correlation. with the theoretical modeIs may indicate
" efther a deficiency in the modél, test setup, or space
vehicle: hardware. The thermal balarice test can be
contbined: with. the: thermal vacuum: test. The correlated
thermal math model fs theri used to: make the final
tewperature: predictions for the vartous missfor phases,
inctuding prelaunch, ascert, and on-orBit. 7The thermal
mErgLie: are tm Based on: these £inal. tespersture

The main. puspuse eﬁ tne thema]; baIance v&cuum test is t:o
provide thermal data to werify the adeguacy of the thermal model
of - the space veliicle being tested. This test should be

conduct ed for one-of-a-kind spacecraft, the Iead vehicle of a
series of spacecraft, a block change in a series of vehicles,
upper stages, and sortie pallets designed to fly with the
shuttle. Since the test is designed to provide thernmal data to
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verify the space vehicle thermal model, ample thermocouples or
thermistors consistent with MIL-STD-1540B instrumentation
accuracy should be used to obtain the appropriate information.
Typically, two orbital environments are simulated: one hot and
the other cold. These environments, however, may not be the
hottest or coldest for the space vehicle. Test or subsystem
restrictions may prevent running the hottest and coldest
environments. Again, the test 1s to verify the thermal model,
not to test the spacecraft at its extremes.

8.7.3 Guidance for Use of Thermal Balance Test. After
the test is completed, the temperature predictions made before
the thermal model for the test environment6 are compared to the
corresponding test data. Those differences that fall outside
the correlation goal of +3 deg C require either a good
ex]jalanation or a model adjustment, depending on how large the
difference6 deviate from +3 deg C. The correlated math model is
then used to make the final temperature prediction6 for the
varioubs_ mission phases. including prelaunch, ascent, and
on-orbit.

The thermal margins are then based on these final
temperature predictions. If these passive margin6 are less than
11 deg C or its equivalent for active systems, then either a
design change or a waiver to MIL-STD-1540B is required. A6
noted in Paragraph 3.25 of MIL-STD-1540B. the 11 deg C passive
thermal margin or its equivalent for an active system, Is
applied to the final orbital temperature predictions made by the
correlated model. This implies, a6 stated in MIL-STD-1540B
(Paragraph 3.25). that even larger thermal marginé (passive or
active) are required at the beginning of a program in order to
account for design changes that almost inevitably occur durin
the evolution of a program. This is a cost-effective means o
avoiding costly design change6 late in the program.

8.8 SPACE VEHICLE THERMAL CYCLING TESTS

8.8.1 Thermal Cycling Oualification Test

8.8.1.1 Standard Criteria. Content6 of Paragraph 6.2.9
of MIL-STD-1540B (requirement6 for space vehicle thermal cycling
gualification tests) are a6 follows: -

6.2.9 Thermal cucling Test. Space vehicle Qualification

6.2.9.1 Purpose. This test demonstrates the ability
of the space vehicle to withstand the thermal stressing
environment of the space vehicle thermal cycling
acceptance test (7.1.8) plus adesign margin.

6.2.9.2 Test Description. The space Vehicle shall be
placed in athermal chamber atambient pressure, and a
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functional test shall be performed to assure readiness for
the test. The space vehicle shall be operated and monitored
during the entire test, except that space vehicle power may
be turned off if necessary to reach stabi lization at the
cold temperature. Space vehicle operation shall be
asynchronous with the temperature cycling, and redundant
circuits shall be operated with approximately equal time on
each redundant circuit. Unfavorable combinations of
temperature and humidity shall be avoided so there is no
moisture deposition either on the exterior surfaces of the
space vehicle or inside spaces where the humidity is slow to
diffuse, e.g., multilayer insulation and enclosed electronic
e%mpment. when the relative humidity of the inside spaces
of the space vehicle is below the value atwhich the cold
test temperature would cause condensation, the temperature
cycling shall begin. One complete temperature cycle is a
period beginning at ambient temperature then cycling toone
temperature extreme and stabilizing, then tothe other
temperature extreme and stabilizin?, and then returning to
ambient temperature. Strategically placed temperature
monitors installed on components shall assure attainment and
stabilization of the temperature extremes at several
components. Auxiliary heating and cooling may be employed
for selected temperature-sensitive components, e.g.,
batteries . I 1t is necessary to achieve the temperature
rate of change, parts of the space vehicle such as solar
panels and passive thermal equipment may be removed for the
test. The last temperature cycle shall be asoak cycle
during which the space vehicle shall remain at each
temperature extreme while a functional test, including
testing of redundant circuits, is conducted.

6.2.9.3 Test Levels and Duration. The space vehicle
temperature.range Trom hot to cold shall be the maximum
possible within the constraints of the component design
temperatures. The minimum space vehicle temperature range
should be 70 deg C. Auxiliary hea ting and cooling may be
used to protect selected temperature sensitive components.
The average rate of change of temperature from one extreme
to the other shall be as rapid as possible. The test shall
include 25 percent more thermal cycles than the thermal
cycling acceptance test (7.1.8).

8.8.1.2 pationale for Thermal cyeling Qualification Test.

The objective of the vehicle level qualification thermal cycling
test is to verify satisfactory functional performance of the
vehicle when it is exposed to design level temperature

extremes. An examination of failures found during space vehicle
thermal vacuum testing indicates that the vacuum-related
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failures and verification of the thermal control system occur
early, and the later failures are probably due to tenperature
cycling. There is also a large set of data from thermal cycling
tests at |lower assenbly levels, which suggests that a space
vehicle thermal cycling test is a very effective test for
surfacing latent defects. Thermal cycling test6 are much | ess
costly than thermal vacuum tests and are believed to be nore
revealing of thermal problems in npbst conponents than therma
vacuum tests. Thermal cycling tests may therefore be used to
reduce the nunber of thermal vacuum testing cycles required
during acceptance and thereby achieve a total test program that
is nore revealing and nmay be less costly. During therma
cycling tests O the vehicle, tenperatures of individua
conponent6 nmust not be allowed to exceed their conponent
qualification |evels. If conponent failure6 oranomalies occur
during this vehicle level test, thermal data are needed to aid
failure analysis and to determ ne whether performance and
material degradation due to environnent exposure is within
acceptable limts.

8.8.1.3 @idance for Use of Thermml Cyeling Qualification
Test. The vehicle level qualification thermal cycling test is
required if a vehicle level acceptance thermal cycling test is
required. The qualification thermal cycling test adds 25
percent nore thermal cycles and a 10 deg C nargin to the therma
cycling acceptance test for a total of 50 cycles overa 70 deg C
range. Full qualification |level thermal vacuum testing is stil
required. The retention of full qualification |evel therma
vacuum tests is necessary because the reduction O acceptance
t hermal vacuum testing cycles depend6 on the confidence obtained
from the qualification thermal vacuum test. The acceptance test
cycle reduction is based on the premse that the vacuumrel ated
failures will all surface during the first tenperature cycle of
the acceptance thermal vacuum test, and that the temperature-
related failures will all have been identified in the preceding
thermal cycling test. The space vehicle qualification test
programis intended to verify these prem ses. Al so, the space
vehicle qualification thermal vacuum test denobnstrates the
ability of the space vehicle to neet design requirenments in the
t hermal vacuum environnent. Thus, there is no reduction of the
tenperature cycles during the space vehicle qualification
t hermal vacuum test.

The quantity of instrunentation required forthe space
vehicle thermal cycling test6 may vary widely from program to
program depending on the size, conplexity, and thernma
sensitivity of vehicle equipnent. Sufficient thermal data
shoul d be obtained such that every conponent may be eval uated.
In general, the thermal instrunmentation required is the sanme a6
for a thermal vacuum test (see Paragraph 8.6).
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8.8.2 Thernal Cycling Acceptance Test

8.8.2.1 Standard Oriteria. Contents of Paragraph 7.1.8
of H L-STD 1540B (requirements for space vehicle thermal cycling
acceptance tests) are as follows:

7.1.8 Thermal cycling Test., Space Vehicle Acceptance

7.1.8.1 Ppurpose. This test detects material, process, and
workmanship defects by subjecting ‘the space vehicle o a
thermal cycling environment.

7.1.8.2 Test Description. Same as 6.2.9.2.

7.1.6.3 Test Levels and Duration, The space vehicle
temperature range from hot to cold shall be the maximum
possible within the constraints of the components acceptance
temperatures. The minimum space vehicle temperature range
shall be 50 de? C. auxiliary heating and cooling may be used
to protect selected temperature sensitive components. The
average rate OF change OF temperature from one extreme to the
other shall be as rapid aspossible. Operating time should be
divided approximately equa I?/ between redundant circuits. The
minimam number of thermal cycles shall normally be 40.

7.1.8.4 Supplementary Requirements. | this test is
implemented, only one thermal cycle is required in the thermal
vacuum acceptance test specified in 7.1.7. Consideration
should be given to conducting this test where considerable
disassembly for rework of components has occurred or if
maximum confidence in the system is required.

8.8.2.2 Rationale for Thernal Cyecling Acceptance Test.
Al'l available data point to the high effectiveness of this test
to surface defects. An exam nation of failures found during
space vehicle thermal vacuumtesting indicates that the vacuum-
related failures and verification of the thernal control system
occur early, and the later failures are probably due to
tenperature cycling. Thus, the space vehicle thermal vacuum
test may be reduced to one tenperature cycle if the space
vehicle thermal cycling test option is also selected. This
conmbi nation of two tests is believed to be nore effective than
only a thermal vacuum test for four tenperature cycles. There
also is a large set ofdata fromthermal cycling tests at |ower
assenbly |evels which su?gests that a space vehicle therm
cycling test is a very effective test for surfacing defects.

The stress test aspects of the acceptance thermal cycling
tests have been found to be an inportant contribution to
successful orbiting vehicles. Past programs have shown a
correlation between nore ground testing and less failures on
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orbit. However, the reduction of acceptance thermal vacuum
testing cycles depend6 on the confidence obtained from the
qgualification thermal vacuum test. The acceptance test cycle
reduction is based on the premse that the vacuumrelated failures
will all surface during the first tenperature cycle of the
acceptance thermal vacuum test, and that the tenperature- related
failure6 will all have been identified in the preceding thernal
cycling test. The space vehicle qualification test programis
intended to verify these premn ses.

8.8.2.3 uidance for Use of Thernmal Cycling Acceptance
Test . The data available from thermal cycling space vehicleb
indicated that the test effectiveness is relatively insensitive to
the tenperature rate of change, at least for the range of val ues

that m ght be achievable for a space vehicle. In the interest of
mnimzing testing time and Cost, the tenperature change should be
a6 fast a6 practical. Experi ence has shown that a conplete

tenperature cycle can be achieved in less than eight hours.
Analysis of the test results also indicates that the effectiveness
of the thermal cycling test is a function of both the number of
cycles and the range of tenperature, and that the nunber ofcycles

is the nore inportant paraneter. Because of the limted data from
space vehicle tests, it is not appropriate to specify the nunber
of cycles for different tenperature ranges. Instead, a single

tenperature range of 50 deg C was Specified, which appear6 to be a
representative value for many space vehicles. At this tenperature
range, the calculated test-effectiveness curve begin6é to flatten
at about 40 cycles. Fok vehicles that can be tested at different
tenperature ranges, the nunber of cycles can be tailored

It is believed that the stress which precipitate6 defect6
into failures during the thermal cycling test is mainly nechanica
nmotion resulting from differential expansion and contraction of
materi al s. This is supported by the type6 of failure6 which are
identified during thermal cycling tests. These include broken
wires, cold or broken solder joints, changes of adjustnents, and
60 forth. Some failures may only be manifest at the tenperature
extremes and not at other points in the tenperature cycle. As an
exanmpl e, a broken solder joint may benmaking contact at anbient
tenperatures and may open at a tenperature extrene. In order to
detect such failures, the l|last tenperature cycle contains
tenperature soak periods, with a functional test conducted at each
tenperature soak extreme.

The quantity of instrunentation required for the space
vehicle thermal cycling tests may vary widely from program to
program depending on the size, conplexity, and thermal sensitivity
of vehicle equipnent. Sufficient thermal data should be obtained
such that every conponent may be evaluated. In general, the
thermal instrumentation required is the sane ab for a thermal
vacuum test (see Paragraph 8.6).
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The space vehicle thermal cycling test is reIativeI?/ new.
Therefore, more data should become available on the relationship --
among test effectiveness, number of cycles, and temperature range
as more programs elect this option. he tradeoff between cycles
and temperature ‘range may be clarified by further experience.

8.9 STRUCTURAL LOAD TEST

8.9.1 Standard Criteria. Content6é of Paragraph 6.3.1 of
MIL-STD-1540B (requirements for structural static load test,
subsystem qualification) are as follows:

6.3.1 Structural Static load Test. Subsustem oualification

6.3.1.1 purpose. This test demonstrates the adequacy of the
structure to meet requirements of strength or stiffness, or
both, with the desired design margin when subjected to
simulated critical environments, such as temperature and
loads, predicted to occur during its service life.

6.3.1.2 Test pescription. The structural configuration,
materials, and manufacturing processes employed in the
qualification test specimens shall be identical to those of
flight articles. When structural items are rebuilt or
reinforced to meet specific_strength or rigi dity
requirements, all modifications shall be structurally
identical to the changes incorporated in fIi?ht articles.
The support and load application fixture shall consist of an
adequate replication of the adjacent structural section to
provide boundary conditions which simulate those existing in
the flight article. Static loads representing the desi?n
limit load and the design ultimate load (see 3.46) shall be
applied to the structure, and measurements of the strain and
deformation shall be recorded. Strain and deformation shall
be measured before loading, after removal of the limit loads,
and at several intermediate levels up to limit load for
post-test diagnostic purposes. The test conditions shall
include the combined effects of acceleration, pressure,
preloads, and temperature. These effects can be simulated in
the test conditions as long as the failure modes and design
margins are enveloped by the simulations. For example,
temperature effects, such as material degradation and
additive thermal stresses, can often be accoun ted for by
increasing mechanical loads. Analysis of flight profiles
shall be used to determine the proper sequencing or )
simultaneity for aquIication of thermal stresses. When prior
loading histories affect the structural adequacy of the test
article, these shall be included in the test requirements.
IT more than one ultimate load condition is to be applied to
the same test specimen, a method of sequential load
application shall be developed by which each condition may,
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in turn, be tested to progressively higher load levels. The
final test may be taken to failure to substantiate the
capability to accormodate internal load redistribution, to
provide data for any subsequent design modification effort,
and to provide data for use in any weight reduction
programs. Failures at limit load shall include material
yielding or deflection which degrade mission performance and
at ultimate load shall include rupture or collapse.

6.3.1.3 Test Levels and Duration

a. Static Loads. The loads, other than internal
pressure in pressure vessels, shall be increased
until failure occurs or until the specified test
loads are reached.

b.  Temperature. Critical flight temperature-load
combina tions shall be used to de termine the
expected worst case stress anticipated in flight.

c. Duration of lLoading. Loads shall be applied as
closely as possible to actual flight loading times,
with a minimum dwell time sufficient to record test
data such as stress, strain, deformation, and
temperature.

6.3.1.4 supplementary Requirements. Pretest analysis shall
be conducted to identify the locations of minimum design
margins and associated failure modes which correspond to the
selected critical test load conditions. This analysis shall
be used to locate instrumentation, to determine the sequence
of loading conditions, and to afford early indications of
anomalous occurrences during the test. This analysis shall
also fomthe basis for judging the adequacy of the test
loads. Internal loads resulting from the limit test

condi tions shall envelop all critical internal loads expected
in flight; however, excessive internal loads peculiar to the
test shall be avoided. In cases where a load or other
environment has arelieving effect, the minimum, rather than
the maximum, expected value shall be used in defining limit
test loading conditions. In some instances, where only a
small number of figt vehicles have been included in the
program, the cost ofadedicated test article may represent
an unacceptably high percentage of the program cost. In such
cases, the failure test would not be conducted, and it would
be necessary to subject flight hardware to test loads prior
to flight. In this event, special precautions shall be taken
to ensure that the structure can still withstand Its
predicted flight environment after it has been subjected to
the test loads. Such precautions shall include at least the
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special design requirement that no permanent deformation
detrimental to mission performance shall occur and the
inspection requirement that sufficient nondestructive testing
be conducted after the test to ensure the integrity of the
structure. Altematively, each flight vehicle shall be
Broof—tested; proof levels may be less than ultimate levels
ut shall exceed 1iamit levels. In this cake, the vehicle
shall be designed to withstand the proof levels without
permanent deformation detrimental tO mission performance, and
a thorough post-test inspection of each flight vehicle shal
be conducted to ensure the integrity of the structure.

'8.9.2 Rationale for Reauirenents. These test requirenents
are intended to denonstrate the adequacy of the structura
Strength and stiffness of the space vehicle.

8.9.3 @idance for Use of Reauirenments. Expanded guidance
is provided for the situation in which dedicated test articles
are not provided, and flight hardware is subjected to test
| oads. Table VIl shows successful past exanples of nethods used
to obtain static load qualification of flight structures.

TABLE VI|I. Flight Use of Static Load Qualification
Test Equi prent .

Pr ogram Detail 6 of Static Load Qualification Test

A Components from the devel opment test nodel were subsequentl:
used a.6 flight hardware. cision was made after post-test
exam nati on revealed that hardware had been tested wel |
bel ow yi el d strength

B After proof loading, vehicle was put through detailed
refurbi shnent program and retested. Sonme mnor rework was
necessary to bring it up to flight configuration. Test
article was used successfully a6 second flight article.
Practice is to be continued in this program

C Refurbished test article (centerbody) is intended for use a:
third flight article and ha6 been declared flightworthy.
Article was tested to ultinate with no detectabl e yielding.

D Support structure was dedicated qualification test article
(not flown). Sone reduced |evel qualification test
experiment modul e6 were successfully flown.
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Sel ection of specific options should be made on the basis of
program-unique needs. |Increased design levels nmay be used to
reduce program risks for either the flight-test or ground-test
phase of the program w th attendant weight penalties.

If an option permtting flight use of qualification hardware
is selected, it is inperative that it be understood and accepted
at program start. Understanding and early planning are essential
to the successful flight use of a prototype satellite.

The factor6 given in Table VIII are mninmm factors of
safety to be used in conjunction wth sound design practice6 and
t horough anal ytical and test verifications of the design. These
verification6 include fully coupled dynamc |oad analysis by
means of structural-dynam cs nodeling and nodal test surveys;
detailed stress analyses to show positive margins of safety; use
of proven materials with well-characterized allowables; and
adequat e devel opnent and qualification test prograns. Table VIII
al so shows the design and test option6 that are recomrended for
use with structural subsystems. |In addition, these factors are
to be used in conjunction with the follow ng:

a. I ndustry standard manufacturing and inspection
procedures that satisfy prevailing mlitary
standard6 and specifications

b. Additional factor6 to account for uncertainty in
dynam cally induced | oads
C. Thorough nonitoring of design, devel opnment,
analysis, and testing
Option 2 in Table VIII qualifies a small fleet by neans of a
static test to 125 percent of limt load, with the condition that
no detrinmental deformation occur6 during the test. This

condition may require additional test instrunentation, at
carefully chosen |ocation6 on critical structural elenments, and
careful post-test inspection. No denonstration of ultimte

| oad-carrying capability is provided. However, the conbination
of a test to 125 percent of limt load, coupled with an ultimate
design factor of safety equal to 1.4 (mninmum, provide6
assurance of structural integrity equivalent to those of the

ot her opti ons.

The factors of safety given in Table VIII are for genera
structure and do not include factors of safety for pressure
conditions (e.g., for pressure vessels or for hydraulic and
pneumatic systens), for thermal |oad conditions, nor for special
structures such a6 bearings, journals, or glass w ndows.
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TABLE VIII. Structural Design and Test Options a/
Design Factors of Safety (F.S.)
TYPE Test Yield Ultimate Test Typical
OF Level Success Application
STRUCTURE Factor b/ Unmanned Manned Criteria ’
Flight Flight
NEW
STRUCTURES c/
Option 1. '1.& 1.0 1.4 No Failures d/ Fleet
Test dedicated (for F.5. = 1.4)
test article to 1.25 1.0 1.25 No detrimental
ultimate (baseline) deformation e/
(for F.S. = 1.0)
Option 2. 1.25 1.25 1.4 1.4 No detrimental Small
Reduced level test deformation d/,f/ fleet
on single flight
article
Option 3. 1.1 1.1 1.25 1.25 No detrimental Few
Proof test each deformation 4/ flight
flight article articles
EXISTING

STRUCTURES g/

S86T A1IAL TO
(4¥sn) Oove-NdaH-TIW
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Table VIII. Structural Design and Test Opti ons. (Conti nued)

NOTES

a/

b/

q/

Factor6 of safety shown here are mninum values for

general structure. They apply to limt internal 1loads,
stresses, Or strains, resulting from mechanically induced
loads (except pressure) which occur during various m ssion
phases. Yield factors of safety larger than shown herein
may be used to reduce risk of detrinmental deformation6
during test. Utimte factors of safety for manned or
unmanned flight6 should be selected individually for each
| oadi ng condi tion. Factors of safety for pressure and
thermal | oading conditions also apply when pertinent.

Test level factor =« factor nmultiplying Iimt |oad. The
l[imt load is discussed in Paragraph 5.2 of this docunent.

Option 1 is used for prograns having a fleet of
weight-critical flight articles and is the conventionally
accepted practice. Option 2 may be used for progranb
having a small fleet with costly but not weight-critica
structural subsystems. ption 3 is applicable to prograns
having one orat nost a few weight-critical flight
articles.

A failure is any rupture, collapse, seizure, excessive
wear, excessive deformation, or any other phenonmenon which
prevents any portion of the vehicle structure from
sustaining the specified test loads and tenperatures.

Detrinmental Deformation = Either elastic or inelastic
deformation resulting from the application of test loads
and tenperature which prevent6 any portion of the vehicle
structure from performng its intended function, or which
prevents the unl oaded structure from keeping its origina
dimensions and alignnent within specified manufacturing
and assenbling tolerances.

A mnimm margin of Safety equal to 0.15 should be used
for instability failure node6 when Option 2 is used.

For existing structures to be used in new mssions, the
design and test Verification of either existing designs or
of f-the-shel f structures should conform to one of the
design and test option6 given above for the new m ssion

| oads. Rei nforcing and partial or |ocal redesign of
existing structures are acceptable to upgrade the

| oad-carrying capability of the original design
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Utilization of qualification test hardware for flight
generally leads to overdesign. Therefore, consideration should
be given to using a dedicated structural qualification subsystem
only, with smaller payload items being qualified by Options 2 or
3, Table VIII. Program D (see Table VII) was a case of such a
combination of qualification strategies. In that instance, a
large support structure was a dedicated qualification test item
(not flown). The smaller experimental packages (which were
gualifications and flight articles) were qualified by Options 2
and 3 and, in one particular case, by a combination of these two
options.
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SECTION 9
COVPONENT LEVEL TESTS

9.1 COVPONENT TEST BASELI NES

9.1.1 Standard Criteria. Content6 of paragraphs 6.4 and
7.3 of MiL-sTD-1540B (requirenent6 for conponent qualification
and acceptance tests) are a6 follows:

6.4 compoNENT QUALIFICATION TESTS

The space vehicle component gqualification test
baseline consists of all the required tests specified In
Table 11. The test baselfne shall be tailored for each
program, giving consideration to both the required and
optional tests; however, deviations frmthe baseline of
required tests shall be approved by the contracting
officer. Each component that is acceptance tested as a
component shall undergo comparable qualification tests as
acomponent. Component qualification tests shall normally
be accomplished entirely at the component level. However,
In certain circumstances, required component qualification
tests may be conducted partiallyor entirely at the
subsystem or space vehicle levels of assembly. Tests of
components such as interconnect tubing, radio frequency
circuits, and wiring harnesses are examples where at | east
sonme of the tests can usually be accomplished at higher
levels of assembly.

where components fall into two or more categories of
Table 11, the required tests specified for each category
shall be applied. For example, a star sensor may be
considered to fit both "Electronic Equipment* and "Optical
Equipment™ categories. In this example, a thermal cycling
test would be conducted since It is required for
electronic equipment, even though there is no requirement
for thermal cycling optics. Similarly, an electric
motor-driven actuator fits both "Electrical FEguipment” and
"Moving Mechanical Assembly' categories. The former makes
thermal cycling arequired test, even though this test 1is
optional for the moving mechanical assembly category.

7. 3 compoNENT ACCEPTANCE TBSTS

The space vehicle component acceptance test baseline
consists of all the required tests specified in Table IV.
The test baseline shall be tailored for each program,
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MIL-STD-1540B TABLE II. Component Qualification Tests

Ref . Electronic Moving - Fluid or Pres- Thermal optical
Para- Sugg. or Electri- Mechan. Solar Propul. sure Bquip- PFquip-

Tent graph Seq. cal Eqpmt. Antennas Assemb. Panel Batteries Valves Equipmt. Vessels Thrusters ment ment
Functional 6.¢2 IV R R R R R R R R R R
Thermal Vacuum 6.4.2 9 R R R R R o R o R R
Thermal Cycling 6.4.3 8 | 4 (] o o o 0 o - -
Sinusoidal 6.4.4 5 o o o - o .o o [ o o
. ribration
Random Yibratton 6.4.5 4 R ¥ - R R R R R R
Acoustic 646 & - r(3F R - - - - - -
Pyro. Shock 6.4.7 3 R ] 0 /4 o o o - o o
Acceleration 6.4.8 ? o Rr o o o - - o - R
Humidity 6.4.9 10 o o 0o o o o o o o re)
Pressuze 6.4.10 11 - - R - rRf2)  p R R i -
Leak 6.4.21 26,12 R - R - rf2)  p R R 0 -
BMC 6.4.12 13 R o o - - - - - - -
Life 6.4.13 14 o o o o o o - o (o] o

Legend: R = Required

O = Optional test
' - = No requirement
Notes: (1) FPunctional tests shall be conducted prior to and following environmental test.

(2) Required only on sealed equipment or pressurized equipment.
f3) Bither random vibration or acoustic test required with the other optional.

s861 ATIAL TO
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MIL-STD-1540B TABLE IV. Component Acceptance Tests

s861 ANrL 10
(d¥sn) OveE-AGAH-TINH

Ref . Electronic Moving Fluid or Pres- Thermal Optical
Para- Sugg. or Rlectri- Mechan. Solar Propul. sure BEquip- Bquip-
Test graph Seq. cal BEqpmt. Antennas Assemb. Panel Batteries Valves Equipmt. Vessels Thrusters ment ment
Functional 7.3.1 1y R R R R R R R R R R R
Thermal Yacuum 7.3.2 7 rf2) o R ) R R R o R R R
Thermal Cycliing 7.3.3 é R o o o o R R - - - -
Random vibration 7.3.4 4 R RV g - o R R o R R R
Acoustic 7.3.58 4 o ri4) - 0 - - - - - - -
Pyro Shock 7.3.6 3 (/] - (o] - - - - - - - o
Pressure 7.3.7 9 - - of3) - rf3 g R R 0 - -
Leak 7.3.8 25,10 gl - rf3) - r(3 g R R o - -
Burn-in 7.3.9 8 R - o - - R - - R - -
Legend : R = Required
O = Optional test
- = No requirement
Notes: (1) Functional tests shall be conducted prior to and following environmental test.

12) Required only on unsealed units and on high power RP equipment.
(3) Required only on sealed or pressurized equipment.
(4) BRither random vibration or acoustic test required with the other optional.
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giving consfderatf on to both the required and optional
tests; however, deviations from the baseline of required
tests shall be approved by the contracting officer.
Component acceptance tests shall normally be accomplished
entirel y at the component level . However, in certain
circumstances, the reguired component acceptance tests may
be conducted partially or entirely at the subsystem OFf
space vehicle levels of assembly. Acceptance tests of
components such as interconnect tublng, radio frequency
circuits, and wiring harnesses are examples where at least
some Of the tests can usuall y be accomplished at higher
levels of assembly.

Where components fall Into two or more categories of
Table IV, the required tests specified for each category
shall be applied. For example, a star sensor may be
considered to fit both *Electronic Egquipment” and “Optical
Equipment” categories . In this example, a thermal cycling
test would be conducted since It is required for
electronic equipment, even though there is no requirement
for thermal cycling optics. Similarly, an electric
motor-driven actuator fits both “Electrical Equipment” and
*Moving Mechanical Assembly” categories. The former makes
thermal cycling a required test, even though this test 1 s
optional for the moving mechanical assembly category.

9.1.2 Rati
Environmental qualification tests are a formal demonstration
that a production component (or prototype) is adequate to
successfully sustain specified environmental design levels.
These tests are mainly performed to determine if there are
factors that may have been overlooked during design, analysis,
or manufacturing. Additionally, the environments used during
these tests are the design levels that are more severe than
those predicted to occur during flight in order to account for
variabilities in subse?uent production articles and other
uncertainties. Qualification test requirements, therefore,
incorporate margins which are added to the range of
environmental extremes and stresses expected to occur in
service. These design environmental levels are typically based
upon the maximum and minimum predicted environmental levels for
an item during its operational life plus the appropriate
environmental design margin. The maximum expected extremes of
the operational environments are defined in Paragraphs 3.8 and
3.9 of MIL-STD-1540B. For example, the Standard operating
thermal range for components of -24 deg C to +61 deg C is
usually used when the maximum predicted operating range is less
severe. The environmental design margins specified are
primarily intended to incorporate the allowable test condition
tolerances and to accommodate any differences among production
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units. The environnental design margins are also intended to
assure qualification test levels that are nore severe than the
maxi mum operating ranges that can occur in flight and help
assure agai nst performance degradation and fatigue failures due
to repeated acceptance testing and operational use. For
exanple, the 10 deg C environnental design margins specified in
M L- STD-1540B make the standard thernal design range for
conmponents from -34 deg Cto +71 deg C This standard design
range for space conponents is simlar to that used for aircraft
subsystens and therefore should not inpose unusual design

probl ens in nost cases. In addition, this standard design range
encour ages the devel opnent of standard nodul es, provides a very
revealing test screen for defective conponents, allows
conponents to be noved to other |ocations on a spacecraft

w thout affecting qualification, and may allow the use of a
gual i fied conmponent on other spacecraft wthout requalification.

Before qualification testing, the space conponents should
have been subjected to the sane controls, inspections,
alignnents, and tests inposed on flight conmponents. Thi s
i ncludes conpletion of the environnental acceptance tests.

Envi ronnental acceptance tests are conducted on space
components to denonstrate flightworthiness and to disclose
quality deficiencies in the flight article. Acceptance tests
are intended to satisfy these goal 6 by subjecting the space
conponent to the maxi num environmental exposures expected in
servi ce. The test programis conprised of a series of tests:
some are required tests, while other6 are optional

The suggested test sequences require functional tests
before and after each environnental test. Additionally, certain
functional tests are required to be perforned during sonme of the
environnmental tests. The sequencing is based on a conbi nation
of the order in which the environnents are encountered during
flight and the desire to perceive defects as early in the test
sequence as possible. The categorization of tests into
"required" and "optional" was guided by the sensitivity of the
type of conponent to the specific environment and by the
probability of encountering the environnment. As an exanpl e,
| eak tests are required only on sealed or pressurized equipnent,
since such equipnment is sensitive to loss of pressure, vacuum
or purge nmechani sm

9.1.3 Guidance for Use of Component Test Baseline

Requirements. The sequencing and categorization of the tests
should be tailored to each specific conponent for each program.
This tailoring should consider both increasing and decreasing
the severity of the tests. For exanple, while random vibration
tests for electronic conponent6 are normally more revealing than
acceleration tests, some electronic conponents may require both
types of tests.
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The humidity qualification test is designated as optional
for all components; however, if components are not fully
environmentally protected on the ground, such tests should
become mandatory. This is also the case for such tests as
fungus, sand, dust, salt spray, explosion-proofing, and
radiation which are not specified in MIL-STD-1540B. but each
should become mandatory when there are requirements.

Component qualification life tests are optional. These
tests should be applied to selected components where an
evaluation of component reliability has determined that such
tests are necessary to convey confidence that components have
the capability to withstand the maximum duration or cycles of
operation without fatigue or wearout failures.

The mechanical and electrical functional tests are
extremely important elements in the test baselines. The
functional tests are conducted prior to and after each of the
environmental tests. They should be designed to verify that
performance of the components meets the specification
requirements, that the components are compatible with ground
support equipment, and that all software used is validated. The
electrical functional tests should apply electrical inputs of
interfaces including redundant circuits and measure the
component performance. The mechanical functional tests should
apply mechanical inputs including torques, loads, and motions,
and should measure performance. The electrical and mechanical
inputs should be varied through their specification ranges to
verify the component performance throughout the range. In
addition, the electrical functional tests should include
negative logic testing to verify lockout, to assure that no
function other than the intended function was performed, and to
verify that the signal was not present other than when
programmed. To the extent practicable, the functional tests
should also be designed so that a data base of critical
parameters can be established for trend analysis. This is
accomplished by measuring the same critical parameters in all of
the functional tests conducted before, during, and after each of
the baseline environmental tests,

It is extremely important that functional, tests be
conducted bef or-e and. after each environmental test  These
functional tests provide the criteria for judging successful
survival of the space component in a given test environment. It
iIs also important to perform functional tests of the component
while the environment is being imposed, if the component is
expected to be fully operational under that environment. Many
defects, which otherwise escape detection by pre- and post-test
functional checks, reveal themselves during environmental
tests. For example, intermittents may be caused by foreign
bodies, contaminants, inadequate clearances, cracks, debonds.
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and damaged connectors that might only be revealed during
environmental tests. Therefore, regardless of the functional
mode of the component during launch and ascent, the component
should be functionally operated and monitored during dynamic as
well as thermal tests to increase overall test effectiveness.
Practical limitations frequently restrict the extent of
operation of the component during the relatively brief acoustic
or vibration tests. In recognizing this problem, MIL-STD-1540B
permits extended functional testing with the component operating
and monitored, but conducted at a level 6 daB lower than the
required test level, after the required environmental exposure
has been satisfied.

Tables IX through XIV summarize important parameters of
component environmental baseline tests. They are useful as a
concise reference to major test requirements and for comparing
qualification to acceptance test requirements.

TABLE IX. Thermal Vacuum Test--Component Qualification
and Acceptance Test Parameters.

Thermal Vacuum Qualification Acceptance
Test Parameters - Para. 6.4.2 - Para. 7.3.2
Temperature Range 105°C 85°C

(Differential)

Temperature Min. predicted with Min. predicted to

Extremes -10°C environmental max. predicted, or
design margin, to at least -2a4°c to
maximum predicted +61°C

with the +10°C
environmental design
margin, of at least
~34°C to +71°C

Number of Cycles 3 cycles minimum 1l cycle minimum

Dwell 12-hour minimum at 12-hour minimum at
temp. extremes temp. extremes

Pressure 10-4 Torr or less 1042 Torr or less
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TABLE X.  Thermal Cycling Test--Component Qualification

and Acceptance Test Parameters.

Thermal Cycling Test Qualification Acceptance
Parameter6 - Para. 6.4.3 - Para. 7.3.3
Temperature Range 105°C min. 85°C min.

(differential)

Temperature Extremes

Min. predicted with
-10°C environmental
design margin, to
maximum predicted
plus the +10°C
environmental
design margin, or
at least -34°C to
+71°C

Min. predicted

to max. predicted,
or at least -24°cC
to +61°C

Number of Cycle6

3X acceptance
(24 cycle6 min.)

8 cycle6 minimum

Dwell

I-hour minimum at
temp. extreme6
(each cycle)

I-hour minimum at
temp. extreme6
(each cycle)
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Pyrotechnic Shock Test--Component Qualification

and Acceptance Test Parameters.

Pyrotechnic Shock Pyto shock Pyro shock screen-
Test Parameters gualification ing acceptance
- Para. 6.4.7 - Para. 7.3.6
Shock Level Minimum level equal Maximum
maximum predicted predicted

environment plus
6 aB environmental
design margin

environment

Number of Shocks

Number required in
each direction of
each of 3 axes to
meet amplitude
criteria 3 times
(18 shocks)

One shock in each
direction of each
of 3 axes
(6 shocks)

Shock Duration

Greater of 20 msec

Not specified in

or flight shock Para. 7.3.6
duration
Vibration Level Not applicable - Min. of 4.5 grms or

no vibration in
Para. 6.4.7

3 dB below accept-
ance Vibration
test level

Vibration Duration

Not applicable -
no vibration in
Para. 6.4.7

5 minutes dwell
Blus 10-second
ursts _(minimum of
20 bursts) for each
of 3 axes
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Random Vibration Test--Component Qualification

and Acceptance Test Parameters.

Random Vibration Qualification Acceptance
Test Parameter6 - Para. 6.4.5 - Para. 7.3.4
Vibration Leve-1 Spectrum for maximum Kin. of spectrum

predicted environment
plus environmental
design margin of 6 4B,
and minimum of 12 grms
overall for weight

of 50 Ib max.

for max. predicted
environment, and
minimum of 6 grms
overall for weight
of 50 Ib max.

Test Duration

Greater of 3 times ex-
pected flight exposure
time per axis or 3 X
accept. test duration
per axis, and min. of
3-minutes per axis

Minimum of expectec
flight exposure
time, and minimum
of one minute per
axis

Tolerances .+ 1.5 4B overall + 15 @B overall
+ 3.0 @B for + 3.0 @B for
500-2000 Hz 500-2000 Hz
Table XIIl. Acoustic Test--Component Qualification

and Acceptance Test Parameters.

Acoustic Test Qualification Acceptance
Parameters - Para. 6.4.6 - Para. 7.3.5
Sound Greater of: maximum Greater of:
Pressure predicted environment + maximum predicted
Level environmental design environment,

margin of 6 dB, oOFr or 138 4B
1.44 aB overall overall
Test Duration Greater of: 3 times Greater of:

expected flight
exposure time, or
3X acceptance test

duration.. ok 3-

|mi.nute:s minimum

expected flight
exposure time, or
I-minute minimum
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TABLE XIV.  Burn-in Test --Conponent

Qualification

and Acceptance Test Paraneters.

Accept ance
- Para. 7.3.9

85°C

Min. predicted to
max. predicted or
at least -24°c to
+61°C

18 cycles mn.
|nc|ud|n? t her mal
cycling test cycles

300 hour m ni num
|nc|ud|n?_thernal
cycling tine _
(or 100" cycles mn.
for cycle-sensitive
components)

Burn-in Test Qualification
Par aneters
Tenperature Range
(differential) No
Qual.
Tenperature Extrenes
Test
Specified
by
Nunber of
Tenperature Cycles M L- STD- 1540B
Total QOperating Time Items being
qualified shall
have conpl eted
the acceptance
tests including
applicable
burn-in
Dvel |

1 hour m ni num at
tenperature extremes

9.2 COVPONENT PRESSURE TESTS

9.2.1 Standard Criteria. Contents of Paragraphs 6.4.10

and 7.3.7 of ML-STD-I540B (requirement6 for
qualification and acceptance pressure tests)

conponent

are as follows:

6.4.10 PRESSURE TEST. COMPONENT QUALIFICATION

6.4.10.1 PURPOSE. This tesr demonstrates that the design
and fabrication of such items as pressure vessels,
pressure lines, ffttfngs, and val ves provide an adequate
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margin such that structural failure or excessive deformation
does not occur at the maximum expected operating pressure.

6.4.10.2 TEST DESCRIPTION

a.

Proof Pressure. For such items as pressure
vessels, pressure lines, and fittings, the
temperature OF the component shall be consis tent
with the critical use temperature-and subjected to
a minimum of one cycle of proof pressure. Aproof
pressure cycle shall consist of raising the
internal pressure (hydrostatically or
pneumatically, as applicable) to the proof
pressure, maintaining it for 5 minutes, and then
decreasing the pressure to zero. Evidence of
permanent set or distortion that exceeds 0.2
percent or failure of any kind shall indicate
failure to pass the test.

Proof Pressure for Valves. ¥ith the valve in the
open and closed positions (if applicable), the
proof pressure shall be applied for a minimum of
three cycles to the inlet port for s minutes
(hydrostatically or pneumatically, as applicable).
Pollowing the S-minute pressurization period, the
inlet pressure shall be reduced to ambignt
conditions. The exterior of the unit shall be
visually examined. Evidence of deformation that
exceeds 0.2 percent or any failure shall indicate
failure to pass the test. The test may be
conducted at room ambient temperature.

Burst Pressure (see 3.4). For such items as

pressure vessels, pressure lines, and fittings, the
temperature of the component shall be consistent
with the critical use temperature, and the
component shall be pressurized (hydrostatically or
pneumatically, as applicable and safe) to design
burst pressure or greater. The internal pressure
shall be applied at a uniform rate such that
stresses are Not Imposed due to shock loading.

Burst Pressure for Valves. With the valve in the
open or closed position, as applicable, the design
burst pressure shall be applied to the inlet port
for s minutes (hydrostatically or pneumatically, as
applicable). Following the 5-mtnute pressurization
period, the inlet pressure shkall be reduced to
ambient conditions. The exterior of the unit shall
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be visually examined for indications of deformation
or failure. The test may be conducted at room
ambient temperature.

6.4.10.3 TEST LEVELS

a. Temperature. Asspecified In the test

description. Asanal ternatfve, tests may be
conducted at ambient room temperatures if the test
pressures are suitably adjusted to account for
temperature effects on strength and fracture
toughness.

b. Proof Pressure. Unless otherwise specified, the

proof pressure equals 1.5 times the maximum
operating pressure.

c. Burst Pressure. Unless otherwise specified, the

burst pressure equals two times the maximum
operating pressure.

6.4.10.4 SUPPLEMENTARY RBOUIREMENTS. The component shall
withstand proor pressure wlthout leakage or detrimental

def ormati on. Applicable safety standards shall be followed
in conducting all tests.

7.3.7 Pressure Test, Component Acceptance

7.3.7.1 Purpose. This test detects material and workmanship
defects which could result in failure ofthe pressure vessel
or valves in usage.

7.3.7.2 Test Description. This test Is the same as
described in 6.4.10.2a and b, except that only one cycle
shall be required, and test at elevated temperature is
optional.

7.3.7.3 Test Levels. Same as 6.4.10.3.

standards shall be followed in conducting all tests.

9.2.2 Rationale for Pressure Test Reauirement. The
proof and burst pressure tests described in Paragraph 6.4.10 of
MIL-STD-1540B are parts of the structural integrity verification
program for all pressure vessels required by MIL-STD-1522. All
pressure vessels, other than pressure vessels designed,

fabricated,

inspected, and tested in accordance with the ASME

Boiler and Pressure Vessel Code, are classified as
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fracture-critical conponent6 and, therefore, come under fracture
control procedure6. The design O such pressure vessels must
satisfy mnimm technical requirement6 for a fracture control
program  These requirenent6 include a conprehensive stress
analysis, failure node prediction based on results of the stress
anal ysis, demonstration of safe-life and fail-safe design, and

i npl ementation of required quality assurance procedures.
Satisfaction of these requirements, and their integration into a
program of structural design, analysis, and test, assures the
structural integrity of fracture-critical hardware

9.2.3 Qi egt
Note that the requirenent6 discussed in this section apply to
metallic pressure vessels and structures. Nonnetallic vessels
and structures must have requirenent6 established on a
case- by-case basis.

Prior to test program planning, a detailed stress anal ysis
of the structure is conducted under the assunption of no
crack-like flaws in the structure. The analysis determ ne6
stresses and critical combination6 of stresses resulting from
loads, pressures, and tenperature6 associated with the expected
operating environments. he results of the stress anal ysis
deternine potential failure modes of the structure. These are
either ductile fracture or brittle fracture modes. Required
test |evels depend upon potential failure modes.

Pressure vessel s and pressurized structure6 expected to
fail in a ductile fracture node may be conventionally designed.
Such desi gn uses design factors of safety and test factor6
selected on the basis O successful past experience orspecified
by codes, specifications, and standards (e.g., ML-STD 1522).
Typi cal design and test factor6 applied to these pressurized
conponents are given in Table XV

Pressure vessels and pressurized structure6 expected to
fail in a brittle fracture node are designed by a safe-life
design nmethod based on linear elastic fracture nechanics. This
met hod establishes the a-ppropriate design factor ofsafety and
the associated proof factor. The proof pressure is calculated
as the product of the linmt pressure, proof factor, and a factor
corresponding to the difference6 in naterial strength and
fracture properties between test and design environnents.

Pressure vessel s and pressurized structure6 are qualified
by a conbi nati on of a proofpressure test (a proof pressure
conbined with limt |oads test if necessary), a burst pressure
test (burst pressure combined with ultimate |oads test if
necessary), and, a6 appropriate, a safe-life test and fail-safe
test. nvi ronnmental tests are perforned with the proof and
burst pressure test6 to expose test units to the nost severe
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TABLE XV. Design and Test Factors.

Factors
Component
Ultimate Proof Burst
Pressure vessels - 1.50 2.00

(tanks other than main
propellant tanks and
solid rocket motor cases)

Main propellant tanks and
solid motor cases

- Manned application 1.40 1.25 1.40

- Unmanned application 1.25 1.10 1.25

Pressurized structures

- Flight 10ads: Manned 1.40 -- -
- Flight loads: Unmanned 1.28% - -
- Internal pressure 2.00 1.50 2.00

Pressurized lines, fittings,

and hoses
- less than 1.5-inch diameter - 1.50 4.00
- 1.5-inch diameter and larger -— 1.50 2.50
Accumulators, actuating Cylinders, - 1.50 2.50

pumps, regulators, and valves

combination of environments, pressures, and loads. Test
requirements are detailed in MIL-STD-1522.

Structural similarity of the flight hardware and the
gualification test hardware ensures structural integrity of the
flight hardware. In structuring the qualification test program,
the highest practical level of assembly should be used. The

119




M L- HDBK- 340 ( USAF)
01 JULY 1985

test fixtures, support structures, and test environments must
not introduce erroneous test conditions. Qualification
instrumentation and instrument locations should be based on the
results of stress analysis. Instrumentation must provide
sufficient data to ensure proper test conclusions. For
gualification, one test article of each pressure vessel design
iIs proof pressure tested in accordance with Paragraph 6.4.1Q of
MIL-STD-1540B without leak or detrimental deformation. It IS
then tested to the burst pressure level as described in
Paragraph 6.4.10 of MIL-STD-1540B. The pressure_vessel must
sustain design burst pressure without rupture. The design burst
ressure is calculated as the product of the limit pressure,
urst pressure factor, and a factor corresponding to the
differences in material strength and fracture properties between
test and design temperatures.

Each pressurized component intended for flight must pass
the one-cycle proof pressure test as described in Paragraph
7.3.7 of MIL-STD-1540B before flight.

9.3 COMPONENT LEAKAGE TESTS

9.3.1 Standard Criteria. Contents of Paragraphs 6.4.11
and 7.3.8 of MIL-STD-1540B (requirements for component
gualification and acceptance leakage tests) are as follows:

6.4.11 Leakage Test., Component Qualification

6.4.11,1 Purpose. This test demonstrates the capability of
pressurized components to meet the design leakage rate
constraints specified in the component specifications.

6.4.11.2 Test Description and Alternatives. Component leak
checks shall be made prior to initiation of, and following
the conpletion of, component qualification thermal and
vibration tests. Proof pressure tests per 6.4.10 shall be
successfully com'pleted before conducting leakage tests. The
test method employed shall have sensitivity and accuracy
consistent with the specified maximum allowable leak rate.
One of the following recommended methods shall be used:

a. Method | (gross leak test). The component shall be
completely immersed In aliquid so that the upyer
nost part of the test item is 5§ + 25em(2s 1
inches) below the surface of the liquid. The
critical side or side of interest of the component
shall be In a horizontal plane facing up. The
liquid, pressurizing gas, and the test item shall
be 23 + 10 deg C (73+ 18 deg F/. The gasused for
pressurizing shall be clean and dry with adewpoint
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of at least -32 deg C (-25 deg F). Any observed
leakage during immersion as evidenced by a
continuous stream of bubbles enmanating from the
component indicates a failure of seals.

b.  Method 1l (fine leak test). The component shall be
purged with nitrogen and then charged with helium
to the required pressure (as specified in the
component detail specification)before being
sealed. The component shall then be placed in a
suftable vacuum chamber and tested for helium
leakage withahelium leak detector. The leakage
rate shall be used to determine seal Integrity and
shall not exceed the amount specified in the
detailed component specification. This method is
applicable to tape recorders and similar components.

c. Method 111 (for battery cases or pressurized
comvonen ts). The component shall be pressurized
with dry nitrogen or other appropriate gas to the
specified value. The pressure shall be monitored
by a gage for pressure transducer) for the required
time. The drop in pressure shall not exceed the
ermit ted amount as specff ied under the component
speci fication.

d.  Method 1V (for hermetically sealed al kal i ne storage
batteries). The battery shall be cleaned with
alcohol while in the discharged state. A suitable
indicator (e.g., dilute solution of phenolphthalein
or other suitable color change indicator) shall be
applied to all seans, terminals, and pinch tubes
subject to leakage of electrolyte. Achange in the
color of the indicator shall be an indication of a
leak. After testing, the test solution shall be
removed (e.g., with distilled water).

e. Method \ (for components of pressurized fluid
systems) nponents shall be pressurized to
their maximum working pressure In each of the
functional modes. Leakage shall be detected using
an appropriate method (6.2.6.4). Propulsion system
tanks and thrusters shall also be evacuated to the
internal pressure normally used for propellant
loading and the internal pressure monitored for
indications of leaking.

6.4.11.3Test Levels and Duration. The leak tests shall be
perf ormed with the component pressurized at the maximum
operating pressure and then at the minimum operating pressure
iIT the seals are dependent upon pressure for proper sealing.
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The test duration shall be sufficient to detect any
significant leakage. The test levels and duration for the
typical methods of 6.4.11.2 are:

a. HMethod |I. The duration of Immersion shall be 60
minutes at each pressure.

bh. HMethed Il. The external test pressure shall be
0.133 pascals (0.001 Torr) or less and the duration
of the test shall be 4 hours (for eguipment that is
operational in orbit for more than one day).

c. Method Ill. The test pressure is usually less than
343 kilopascals (50 psi). The pressure drop shall
not exceed the specified amount (typically about
6.9 kilopascals (1 psi) In a6-hour period at room
temperature).

d. Method IV. The test results are visable within
seconds.

e. Method V. The duration of the evacuated propulsion
system component leak test shall not exceed the
time that this condition i1s normally experienced
during propellant loading.

6.4.11.4 supplementary Requirements. Component leak tests
are considered adjunctive to the component qualification
environmental tests in that their results are part of the
success criteria for these tests.

7.3.8 Leakage Test., Component Acceptance

7.3.8.1 Purpose. This test demonstrates the capability of
pressurized components to meet the leakage rate requirements
specified In the component specifications.

7.3.8.2 Test Description and Alternatfves. The component
leak checks shall be made hefore and after exposure to each

environmental acceptance test. The test method employed
shall have sensitivity and arcuracy cons&tent with the
components specified maximum allowable leak rate. One of the
methods given in 6.4.11.2 shall be used.

7.3.8.3 Test_Levels and Duration. Same as6.4.11.3.

9.3.2 Rationale for Leakage Test Requirements. The
leakage tests are Intended to demonstrate the capability of
pressurized component6é to meet their design leakage rate
constraints.
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9.3.3 Guidance for Use of | eakaae Test Reauirements.
The NASA leakage testing handbook, NASA S-69-1117, provides
detailed guidance for leakage testing Methods II, III, 1V, and V
plus a number of other specialized methods, including the use of
radioactive tracers. The leakage test method should be selected
to suit the desié:m and performance requirements of the hardware
item. It should prove that the item can function in its
operational environment within specifications and without
damaging leakage. Each test method listed in Paragraph 6.4.11.2
of MIL-STD-1540B also lists typical hardware to which the method
can be applied.

Method 1| (gross leak test) describes an immersion leakage
test which is a potentially destructive test. It Is sometimes
used on small parts where a gross leak in the item might be
missed, due to the small cavity size, if a fine leak test were
the only leak test conducted. Because it is a potentially
destructive test, Method | is not recommended for space vehicle
components. This method might have applicability for
specialized development tests, qualification tests of some
items, or tests of nonflight hardware.

9.4 COMPONENT LIFE TEST

9.4.1 Standard Criteria. Contents of Paragraph 6.4.13 of
MIL-STD-1540B (requirements for life test, component
gualification) are as follows:

6.4.13 Life Test, Component Qualification

6.4.13.1 Purpose. This test demonstrates the reliability of
the component and Increases confidence that components which
may have a wearout, drift, or fatigue-type failure mode have
the capability to withstand the maximum duration or cycles of
opera tion to which they are expected to operate during
repeated ground testing and in flight without degradation of
their function outsfde of allowable limits.

6.4.13.2 Test Description. One or more components shall be
set up to operate In conditions that simulate the flight
conditions to which they would be subjected. These
environmental conditions shall be selected for consistency
with end use requirements and the significant life
characteristics of the particular component. Typical
environments are ambient, thermal, thermal vacuum, and
various combinations of these. The test sample shall be
selected atrandom from production units or shall be a
gualification untt. The test shall be designed to
demonstrate the ability of the component to withstand the
maxfmum operatfng time and the maximum number of operational
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cycles predicted during its service life with a suitable
margin. For components having a relatively low percentage
duty cycle, it shall be acceptable to compress the
operational duty cycle into atolerable total test duration.
For components which operate continuously in orbit, or at
very high percentage duty cycles, accelerated test techniques
may be employed if such an approach can be shown to be valid.

6.4.13.3 Test Levels and Duration

a. Pressure. Ambient pressure shall be used except
for unsealed units where degradation due to a
vacuum environment may be anticipated. In those
cases, a pressure of 0.0133 pascals (0.0001 Torr)
or less shall be used.

b.  Environmental Levels. The maximum predicted
environmental levels shall be used. For
accelerated life tests, environmental levels may be
selected that are more severe than flight levels,
provided the higher stresses can be correlated with
life at the predicted use stresses and do not
introduce additional failure mechanisms.

c. Duration. The total operating time Or number OF
operational cycles for a component life test shall
be twice that predicted during the service life,
Including ground testing, in order to demonstrate
an adequate margin.

d. FEunctional Dutu cucle. Complete functional tests
shall be conducted before the test begins, after
each 168 hours of operation and during the last 2
hours of the test. an abbreviated functional test
shall be conducted periodically to ascertain that
the component is functioning within specification
limits.

'6.4.13.4 Supplementary Regquirements. For statistical t%/pe
life tests, the duration is dependent upon the mmber 0
samples, confidence, and reliability to be demonstrated.

9.4.2 Rrationale for Life Test Reauirements. This test is
intended to demonstrate a component’s capability to perform for
its mission duration. It is anticipated that it will be used
when wearout, fatigue, or drift characteristics are unknown, and
when premature failure will compromise mission goals. When
these characteristics for an item have been determined to be
adequate, a qualification life test is not required. This test
does not demonstrate a quantitative reliability, such as
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obtained from a Reliability Denonstration Test. The primry
concern is hardware having noving parts, e.g., noving nechanical
assenblies o el ectromechani cal assenbl i es. O her items such as

batteries and pressure vessels may al so be of concern.

9.4.3 Qidance for Use of Life TestRequirements. It is
necessary to plan the life test specifically for each hardware
item The test should closely simulate actual usage condition6
in term6 of function, cycling, environnent, and stress.
| deally, the test should continue to failure, and it should
enpl oy statistical sanples which determ ne the nean wear out and
variance, with the low end of the variance being in excess of
the life requirenents. However, this approach is usually not
cost-effective or practical. Test unit availability is usually
[imted, with only one item often specified for qualification
Because two tinme6 the design life is specified as a duration for
the test, the testing tine can be excessive. Also, the life
capability may be far in excess of the requirenents, so testing
to failure could take a long tine.

Sonme classes of conponents rarely need life testing. Most
of these conponent6 are electronic hardware. The life of
el ectronic hardware which use solid state technol ogy, proven
packagi ng, and proven interconnection techniques ha6 been
adequate for normal space vehicle life requirenents. If a
conponent uses unproven interconnection ok packaging techniques,
then failure o« fatigue due to inconpatible coefficients of
expansi on shoul d be consi dered. Such a conponent should be
subjected to tenperature cycling tests with many cycl e6 of
extreme range. Assurance of adequate life of electronic

conponents can often be denonstrated at the part |evel. Parts
should receivequalificationtests,usually including Ilife
testing. Part life qualification tests. especially tests of

el ectronechani cal parts, should be reviewed for conpatibility
with mssion needs.

9.5 COVPONENT BURN IN TEST

9.5.1 Standard Citeria. Contents of Paragraph 7.3.9 of
M L- STD- 1540B (requirenments for burn-in test, conponent
acceptance) are as follows:

9.3.9 Bum—in Test. Component Acceptance

7.3.9.1 Purpose. The purpose of the burn-in test shall be
to detect material and workmanship defects which occur
early in the component 1ife. .

7.3.9.2 Trest Description. Amodified thermal cycling test
shal| be used to accumulate the addftfonal operational
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hours required for the burn-in test of electronic and
electrical components. While the component is operating
(power on) and while perceptive parameters are being
monitored, the temperature of the unit shall be reduced to
the specified low temperature level. The unit shall be
operated at the 1low temperaure level for one hour or
longer. The unit temperature shall then be increased to
the specified high temperature level and operated for 1
hour or longer. The temperature shall then be reduced to
ambient to complete one cycle of the burn-in test. The
transitions between low and high temperatures shall be at
an average rate greater than 1 deg C per mtnute.

For valves, thrusters, and other items where the
number of cycles-of operation rather than hours of
operation isabetter method to ensure detecting infant
mortality failures, functional cycling shall be conducted
at ambient temperature. For thrusters, a cycle is a hot
firing which Includes astart, Steady state operation, and
shutdown. For hot firings of thrusters utilizing hydrazine
propellants, action shall be taken to assure that the
flight valves are thoroughly cleaned of all traces of
hydrazine propellant following the test firings. Devices
that have extremely limited life cycles such aspositive
expulsion tanks are excluded fromburn-in test requirements.

7.3.9.3 Test Levels and Duration

a. Pressure. Ambient pressure should normally be
used.

h.  Temperature. For cycling of electronic and
electrical components, the extreme temperatures
specified in.7.3.3.3.b shall be used.

c. Duration. The total operating time for
electronic and electrical component burn-in shall
be 300 hours ncluding the operating time during
thermal cyeling per 7.3.3. The minimum number OF
temperature cycles shall be 18 including those
conducted during the thermal cycling acceptance
test. Additional test time beyond that required
for thermal cycling shall be conducted ateither
maximum O minimum temperature. The last 100
hours of the component burn-in test shall be free
of failures. For valves, thrusters, and other
components where functional cyclic testing isa
better burn-in method, aminimum ¢f 100 cycles
shall be conducted.
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d. Functional Duty cucle. Functional tests shall be
conducted at the start of this test toprovide a
baseline reference for determining if performance
degradation occurs. The functional test shall be
repeated after 150 hours of operation and during
the 1 ast 2 hours of the thermal cycling test.
Perceptive parameters for all circuits, including
all redundancy, shall be monitored to the maximum
extent possible during the entire test sequence.
on-off cycling of the electronics component shall
be conducted during the test to simulate
opera tional usage.

7.3.9.4 Supplementary Reauirements. The reduction of
system level failures by burn-in at the component level has
a favorable impact on costs and schedules by stabilizing
the failure rate at or near its minimum and ensuring the
highest probability of mission success.

952 Rationale for Component Acceptance Burn-in Test
Reaui renent s. These tests are conducted at the conponent
acceptance level as a screen for workmanship and nmateria
defects, or for sone nechanical conponents, to wear-in noving
surf aces. The objective is to elimnate infant nortality,
"debug" the hardware, and enhance long-term reliability. Usef ul
screens to enhance these objective6 are tenperature cycling,
constant tenperature soak, continuous power application, power
cycling, vibration, and various combinations Of these tests.
Random vibration is usually a separate test, but tenperature
cycling, tenperature soak, and power on-off cycling are all part
of the typical burn-in test. Tenperature cycling with power
cycled on and off is usually considered the nost effective
screening test for electronic hardware. Anbi ent tenperature
power-on screening nmay be effective for wear-in of noving
surfaces. The length of the operating cycle (duty cycle) can
have an effect on reliability. Frequent on-off cycling in
service mght introduce failure node6 which should be "debugged"
during burn-in by simulating the expected usage conditions. The
tenperature soak mght provide a screen for failure node6 that
could occur during in-service tenperature cycling.

Most satellite progrant perform within conparatively benign
tenperature conditions. If the tenperature cycle range were
based only on these benign conditions, little thermal stress
woul d be produced. Therefore, the conditions established in
MIL-STD-1540B, providing for an 85 deg C range, 300 hours
duration (including other tests), and 18 cycles mninmm were
designed to produce thermal stress which will screen out |atent
def ects.
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9.5.3 Guidance for Component Acceptance Burn-in Test
Reauirements. The most important burn-in test is temperature
cycling. The three key variables are the number of cycles, the
rate of change in temperature, and the temperature range.
Usually, the faster the rate of change, the larger the range,
and the more cycles, the more effective the test.

Rates of change from -17.2 deg C per minute to 4.4 deg C
per minute have been used, with the faster rates providing the
best screening. The rates in MIL-STD-1540B were established to
be consistent with the capabilities of equipment available to
most contractors.

It is important that intermittent discrepancy conditions be
discovered. Therefore, the test should be performed in a
monitored power-on mode, including the temperature transition
periods.

The hardware maturity, hardware design, and conditions of
manufacture and quality control are variables which can affect
the needed burn-in period. MIL-STD-1540B has standardized on
300 hours as the needed period, based on successful program
practices. This 300 hours is the cumulative power-on testing
during the entire component acceptance test. Due to the
potential variables which can affect the burn-in period, the
duration could be considered a tailoring parameter. If data are
available which show (for a given manufacturer and desi%n) that
longer or shorter times are needed to reach the end of the
infant mortality period, then tailoring should be considered.
The 100 hours failure-free requirement should be maintained to
Brovide a little confidence that the infant mortality period has
een passed. Of course, for items that are intended to last for
years without failure, the 100 hours of failure-free operation
IS more reassuring that statistically significant.
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SECTION 10
SUBASSEMBLY LEVEL QUALIFICATION AND ACCEPTANCE TESTS

10.1 STANDARD CRITERIA

Contents of Paragraphs 6.5 and 7.4 of MIL-STD-1540B
(requirements for subassembly level qualification and acceptance
tests) are as follows:

6.5 syBAsSEMBLY LEVEL QUALIFICATION TESTS

Subassembly level qualification tests shall be conducted
on those subassemblies that are subjected to environmental
acceptance tests at the subassembly level. For other
subassemblies, qualification tests are to be considered as
optional unless specified otherwise iIn the contract.
Functional or environmental qualification tests may be
conducted at the subassembly level to detect material and
workmanship defects, or to measure critical parameters,
that cannot be accomplished satisfactorily at higher
levels of assembly. When subassembly level qualification
tests are planned, the subassemblies may be tested to
similar requirements as components, or if more stringent
requiremen ts are used for acceptance test stress screening,
then the more stringent levels shall be the basis for the
qualification tests. In general, all parts shall be
qualified tomaximum and mintimum environmental levels well
in excess of the levels predicted for their specific
application in the space vehicle.

9.4 susassempry LEVEL ACCEPTANCE TESTS

These tests are to be considered as optional unless
specified otherwise in the contract. However, subassembly
level acceptance tests are often cost-effective measures
for reducing or avoiding failures in higher level tests
and possibly In orbi tal operations. Accep tance test
should be conducted at the subassembly level where this
level provides a more perceptive test than would be
possible at either the part or the component level.

Functi onal or environmental acceptance tests are usually
conducted at the subassembly level to detect material and
workmanship defects, or to measure critical parameters,
that cannot be accomplished satisfactorily at hlgher
levels of assembly. When these acceptance &es ts are
planned on subassemblies, they may be tested to similar
requirements as components, or more stringent requirements
for stress screening may be used.
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10.2 RATIONALE FOR REQUIREMENTS

The general rule is that it is almost always cheaper to
find a problem at the lowest level of assembly possible. This
means that subassembly testing should always be considered. The
fact that MIL-STD-1540B may not specifically require subassembly
testing does not in any way mean that it should not be done.
Proper design requires that items at each level of assembly
should have broader parameter tolerances and narrower
environmental ranges than the subtier items that are used in its
fabrication. In that way, manufacturing defects can be screened
out at the lowest level of assembly possible, and items that
pass subtier screening tests should not be expected to fail
subsequent tests. Also, critical parameters that cannot be
accurately measured at higher levels of assembly must be
evaluated at lower levels of assembly. This usually means that
some form of stress-screening tests are cost-effective at the
subassembly level.

The extremely hilgh cost of an on-orbit space vehicle
failure means that all parts, materials, subassemblies, and
components must be desifgned and fabricated to assure high
reliability. Testing of the space vehicle itself and its
components provides necessary screening checks, but they are
insufficient to assure the reliability of the space vehicle. In
other words, in-process screening tests, including stress
screenin?, must be used at the subassembly level, and at all
subtier [evels where appropriate, to assure a reliable space

vehicle.

10.3 GUIDANCE FOR USE OF REQUIREMENTS

10.3.1 Applicabilit sembl
Electromechanical. and Electronic Subassemblies. Subassembly
testing Is almost always applicable to electronic equipment such
as printed circuit or wiring boards. Mechanical and
electromechanical subassembly test6 are generally performed on
equipment containing moving parts if the parts can be
practically tested when removed from the case of the assembly or
component. For example, they are applicable to a solenoid coil
or to actuator-subassemblies for space vehicle shrouds, solar
panels, and antennas. In a component level test the component
case is the fixture for the subassembly, but in a subassembly
test a special fixture is used to hold the subassembly.
Difficulty in designing and using such test fixtures may result
in a decision to eliminate environmental stress from the
subassembly tests.

Electronic subassembly test fixtures are often simpler to
design and use than mechanical subassembly fixtures. However,
fixture design to simulate mounting within the component
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relative to dynamic and thermal responses can also be complex.
The subassembly tests are essentially environmental and
functional tests of individual circuit boards. The testing
concentrates on the electronic functioning of the circuit when
it is exposed to environments such as vibration and temperature
extremes. At the electronic component level, there is often
difficulty in disassembly or failure isolation, and proper
subassembI?/ repair or replacement can be dificult due to test
point availability and access problems. Subassembly level tests
with or without stress screening can be used to alleviate these

problems.

Parts screening usually is conducted using the maximum
range of design or qualification conditions in the part

specifications. Assuming proper applications of the parts,
those conditions would always be more severe than the conditions
specified for subassembly or component screening. Since the
subassembly ok component tests do not duplicate the stringent
conditions of part level testing, they should never be viewed as
a substitute for part level screening.

10.3.2 Test Procedures for Subassembly Tests. The
following are major tests performed as common iIndustry practices
on space system subassemblies, as applicable to the individual
unit under test:

0 Electrical tests--continuity and short test,
dielectric withstanding vo?fcage, and insulation
resistance

0 Functional test

0 Burn-in and wear in tests

0 Thermal cycling test

0 Random vibration test

0 Particle screening test

0 Over-stress screening

The nature of some subassemblies imposes restrictions on
some of these stress-screening subassembly tests. For instance,
temperature limitations may be imposed if certain oscillators
are present on a circuit board, because they will not withstand
more than a limited temperature range. Some boards may have
inherent limitations for exposure to vibration, such as with
boards of a "foamed" component which are to be tested before
foaming. In that case, the vibration test spectrum must be
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tailored to avoid danmaging the mounted but unfoamed parts.

Anot her example is electro-optical subassenblies, which can be
danaged by nore than a limted rate of tenperature change during
thermal cycling tests. Al tests nust be designed with the
applicable restrictive factors in mnd.

Over-stress screening is a special testing technique where
the test levels used exceed the design level6 for the item
Over-strese Screening is usually invented after an item ha6 been
fabricated to uncover particular types of l|latent defect6 or
incipient failure6 that were' just discovered in the itens, and

that cannot be uncovered by other nmeans. For exanpl e, nicks may
be discovered in the insulation ofsone of the wiring used in a

wiring harness designed for a 28-volt circuit. It is known that
when insulated wiring is exposed to about 1500 volts, an

exam nation of |eakage current will indicate the presence of

ni cks and other defect6 in the insulation. By exposing the

28-volt wiring to 1500 volt6 a6 required to reveal the defects
in the insulation, an over-stress screening of the wiring can be
used to identify the defective wre. Simlarly, higher than the
design |evels of shock, vibration, tenperature, pressure,

radi ati on, or conbination6 of these or other paraneter6 may be
used to uncover certain type6 of defect6 in a particular device
O subassenbly. Obviously, extrene care nust be used in
selecting any form of over-stress screening in order to avoid
test conditions that may damage the item being tested. For this
reason. an over-stress screening test that is appropriate for
one particular type of item may be inappropriate for another
type of item even though the type of defect being screened is

t he sane.

To illustrate the kind of problems that needto be avoi ded,
suppose the 1500 volt6 used for indicating the presence of nick6
and other defects in the wiring harness over-stress screening
danmage a connector or other part attached to the wring
har ness. Cearly, that would not be a good over-stress
screening test. In another case, a vibration over-stress
screening test intended to identify any |oose electrica
connection6 could produce a condition which causes snall cracks
(a potential orlatent failure) in one of the:ritems. The cracks
may cause an actual failure in a subsequent conponent or system
test. That in turn mght result. in long delay and expense to
correct the failure. Or, an undiscovered crack mght cause a
failure in orbit, resulting in partial loss of the mission.

This illustrate6 that there is sone financial and technical risk
i nherent in subassenbly over-stress Screening. However, carefu
anal ysis and prudent choice of the over-stress can greatly
reduce the risk. O course, the over-stress damage potential
could be avoided by always including all test environments in
the required design environnent and thereby avoid after-the-fact
over-stress screening decisions.
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Techni cal necessity and cost-effectiveness of subassenbly
testing are both dependent on the specific program being
consi der ed. Design factors such as board design conplexity,
nunber of subassenblies, parts reliability, parts testing
program toughness Of subassembly environnments, and anount O
subassenbly testing tinme are dependent on the specific program
under consideration. Cost factors such as the cost of test
equi prrent and the testing cost6 are also dependent on the
specific item under Consideration. If possible, a risk versus
cost-effectiveness analysis for subassenbly testing should be
perfornmed for each item

10.3.3 Significant Data from Subassembly Thermal Cycling
Stress Screening. Data which indicate the test-effectiveness
and cost-effectiveness of subassenbly thermal cycling stress
screening have been reported by two |arge corporations.

Corporation "A" |nvestiaation

Corporation "A" performed an extensive experinental
investigation of effectiveness ofthernmal cycling stress
screening of circuit boards.

There were 1,248 mssile system circuit board6 stress-
screened in a thermal Cycling environnment between -40 deg C and
+75 deg C for up to 48 cycles, while prior normal circuit board
anbi ent tenperature acceptance tests were retained. The rate of
change in tenperature was 10 deg C and 20 deg C per m nute.

The failure histories of conponents containing these
stress-screened boards and identical conponent6 with
unstress-screened boards were nonitored from anbient tenperature
subassembly test6 and environnental conponent tests through
custoner anbient tenperature conponent tests. The conponents
containing stress-screened circuit board6 proved to have | ower
failure rates, as their failure rate (in the custonmer conponent
tests) was only one-fourth of the failure rate of conponents
with unstress-screened boards.

It was concluded that circuit board thermal cycling stress
screening is clearly effective for reducing conponent failure
rates. The avail able data were not sufficient to show the
effect of circuit board stress screening on system level failure
rates, but the potential exists for reducing system |evel
failures and inproving system level reliability.

Corporation "B" (perations

Corporation "B" started thermal cycling stress screening of
circuit boards while still retaining anbient tenperature
subassenbly testing. There were 55 repetitions of a 2-hour
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cycle between -55 deg C and +80 deg C. For 68 computer memory
circuit boards, the failure rate in the subassembly level tests
performed before and after stress screening was reduced from
27.4 to 11.8 percent, a reduction of 57 percent in failure
rate. The failure rate at the component level was reduced from
20.8 to 13.2 percent, a reduction of 37 percent in failure

rate. This is illustrated in Table XVI. A cost-effectiveness
computation showed a net yearly savings of 12,573 person-hours
for electronics test operations due to the institution of stress
screening.

TABLE XVI. Reduction in Failure Rate Due to
Stress Screening.

Tests on No Stress| With Stress| Percent Reduction

68 Circuit Board6 Screening Screening in Failure Rate
Subassembly tests Failure Failure 57%

rate rate

= 27.4% = 11.8%
Component tests Failure Failure 37%

rate rate

= 20.8% = 13.2%

10.3.4 sianificant Data from Subassembly Testing for A
Large Space Vehicle Program. Consultations with engineers
closely involved in testing of a large military satellite
program revealed the data shown in Table XVII concerning these
space vehicle tests. These data are from normal testing
operation6 (not stress screening).

The number of failure6 was largest at the subassembly
level. Failure6 at the higher levels were dramatically less
than subassembly test failures. These data tend to indicate the
test-effectiveness of subassembly tests. The data do not prove
that subassembly testing improves space vehicle reliability: but
the potential for improved reliability exists, since it is not
clear that testin% only at the higher levels of assembly would
have revealed all the failure6 found by subassembly tests. Of
course, it would have been more costly to correct the failures
had they been discovered during testing at the higher levels of
assembly.
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TABLE XVII. Data from Subassembly Testing for a
Large Space Vehicle Program

Test Tot al Nunber of
Har dwar e Failures
Circuit board6 and slice tests for | 3700 boards, 192
4 satellites (subassenbly tests) 1256 slices
Conponent acceptance tests for 388 conponent 6 69

4 satellites

Satellite integration operation6 3 satellites 18
(subsystem tests)

Satellite acceptance tests 3 satellite6 12
(space vehicle tests)

10.3.5 @i dance Sunmmary. Subassembly testing decisions
are conponent and program dependent, and shoul d be nade by
program managenment w th gui dance from design and test
engi neering. Subassembly tests may be optional: however, if
critical paranmeters cannot be adequately verified by tests at
hi gher or |ower assenbly levels, they should be verified by
subassembly tests. Testing and replacenent of defective unit6
at the subassembly |level usually involve relatively fewer
engi neers, technicians, and piece6 of test equi pnent than at the
conponent or space vehicle level. A test failure at the
conponent, subsystem, or system|evel can involve many engineers
and technicians and | arge-scal e test setups, and can cause
extensive delay to an entire project. The expense of an
ext ensi ve subassembly test pro?ran1can often be justified based
only on avoiding the potentially higher expense of what
ot herwi se could be failure6 during conponent, subsystem, Or
system tests. However, a risk versus cost-effectiveness
anal ysis should be performed to evaluate the effectiveness of
subassembly tests for each specific test program
Unfortunately, the technical necessity of specific subassenbly
tests, and the related historical cost data, are generally
unavail able. Also, insufficient data exist at this tine to
prove whether on-orbit reliability of spacecraft have been
i ncreased by perform ng subaesembly tests. However, it is Jear
that there is both a potential for cost saving6 and a potenti al
for inmproved reliability.
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It is generally cost-effective to require space system
subassemblies to be subjected to electrical continuity,
functional, burn-in, thermal cycling, and random vibration
tests. The technical dparameters of these subassembly tests
should be specified individually for each item by the system
program office with guidance from design, test, and reliability
engineers. The testing should be performed either to the same
stress-screening environmental limits as the higher tier
component tests or to tougher stress-screening limits applicable
to each subassembly.
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SECTION 11
FLI GHT USE OF QUALI FI CATI ON EQUI PMENT

11.1 STANDARD CRITERI A

Contents of Paragraphs 8.0 through 8.4 of MIL-STD-1540B
(flight use of qualification equipment) are as follows:

8.0 FLIGHT wvse OF QUALIFICATION EBQUIPMENT

Qualification tests are conducted to demonstrate that the
design, manufacturing, and assembly have resulted in
hardware conforming to specification requirements. The
qualification tests required by this document incorporate
the environmental design margin into the test levels to
assure that flight units will meet the operational
requirements for their service life. The vibration tests,
acoustic tests, and thermal tests produce cyclic stresses
that can encroach on the fatigue margins of interconnect
wiring, solder joints, structural members, and similar items
in the qualification test units. If equlpment that has been
subjected to qualification testing is planned for subsequent
flight use, it is possible that the remaining fatigue
margins are so low as to present a high risk of failure
during flight. This is primarily due to the use of high
test levels and long test durations during the baseline
qualification tests. Therefore, the actual vehicle used for
the 6.2 vehicle gqualification tests or the components used
for the 6.4 component gqualification tests may not be
suitable for subsequent flight.

Nevertheless, initial program costs and schedule constraints
may force the consideration of ways to make units used for
qualification testing acceptable for flight. It should be
recognized that the use of qualification items for flight
always presents a higher risk than the use of standard
acceptance- tes ted 1 terns for f1 ight. This risk may be
reduced by various strategies such asreducing qualification
test levels and durations to reduce the encroachment on
fatigue and wearout margins. The strategy used should be
based upon specific program considerations. One method has
been to replace all components on the qualificationvehicle
wi th "new" components that have passed component acceptance
tests (see 8.3). Another way was to 1 ower the space vehicle
qualification test levels and test duration to avoid
excessive encroachment on margins (see 8.2). Onsome
programs, One Or more qualifica tion components have been
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used as flight components (see 8.1). Insuch cases where
program considerations ar e overriding, the contract may
direct, or the contracting officer may approve, the use of
qualification units for flighr. some of the strategies that
have been used are presented in the following examples.

8.1 USE OF THE QUALIFICATION COMPONENTS FOR FLIGHT

When the qualification components axe planned for flight
use, the component qualification rest program shall be
modified from that specified i N Section 6 t 0 reduce cyclic
stress levels. In ‘addition, the component qualification
testing shall be conducted on flight spares so thar flight
use Is delayed or possibly never required. The flight space
vehicle in which these qualification components are

installed shall be acceptance-tested in accor dance  with the
requirements of 7.1. This space vehicle qualification would
be based on the requirements of 6.2.

8.1.1 Component Qualification Tests. When the component
qualiflcarion tests are conducted on a component intended
for subsequent flight, the component acceptance rests
required byt hi s standard are waived, except for the burn-in
acceptance test of 7.3.9, and only the qualification rest
baseline specified in 6.4 is required with the following
exceptions :

a. For the component thermal vacuum t est (é6.4.2J, the
temperature extremes shall be 5 deg C beyond the
minimum and maximum predicted temperatures.

b.  For the component thermal cyclIngtest (6.4.3),
the temperature cycles shall be conducted at 5 deg
C beyond the acceptance temperature extremes
(7.3.3.3 bJ.

c. Por the component vibration qualification test
(6.4.5), thé rest level shall be 3 dB greater than
the maximum predicted level but not less than 9
grms.

d. For the component acousti ¢ qualification t est
(6.4.6), the test level shall be 3 dB greater than
the maximum predicted level but not less than 141
dB overall.

e. For the component pyrotechnic shock test (6.4.7),

the shock spectrum shall be 3 @B great er than the
maximum predicted level.
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£. For the component pressure test (6.4.10), only
proof pressure tests per 6.4.10.3 aand b shall be
conducted.

8.1.2 Comvonent Certification for Flight. Upon completion
of the modified qualification test program, the component
test history shall be reviewed for excessive test time and
potential fatigue type failures to determine if the unit is
acceptable for flight or 1T refurbishment is required.
Mission and safety critical qualification components should
not be used for flight in systems where a redundant
component is not provided.

8.2 USE OF THE FLIGHT veHICLE FOR SPACE VEHICLE LEVEL
QUALIFICATION

When the flight vehicle is also used for the vehicle level
qualification tests, the space vehicle qual ification test
levels and durations shall be reduced as defined in 8.2.1.
The components installed in this flight vehicle shall be
acceptance-tested in accordance with the requirements of
7.3. The component qualifications would be based on the
reguirements of 6.4.

8.2.1 space vehicle Qualification Tests. If the space
vehicle gqualification tests are to be combined with the
flight vehicle acceptance tests, the space vehicle level
acceptance tests required by this standard are waived, and
only the gqualification test baseline in 6.2 is required with
the following exceptions:

a. For the space vehicle acoustic gqualification test
(6.2.3), the test level shall be 3 dB greater than
&he maximum predicted level but not less than 141
ds overall. The duration of the test shall be the
same as for the space vehicle acoustic acceptance
test (7.1.3.3).

b. For the space vehicle vibration gqualification test
(6.2.4), the test levels shall produce vibration
responses in the equipment which are 3 dB greater
than the maximum predicted level. The duration of
the test shall be the same as for the space
vehicle vibration acceptance test (7.1.4.3).

C. For the space vehicle thermal vacuum gqual ification
test (6.2.7), the number of hot-cold cycles shall
be four and the temperature extremes shall be §
deg C beyond the minimum and maximum predicted
temperatures.
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d.  If the optional space vehicle thermal cycling test
(6.2.9)is adopted as baseline, the minimum space
vehicle temperature range shall be 60 deg C. The
test should include 15 percent more thermal cycles
than the space vehicle thermal cycling acceptance
test (7.1.8.3).

8.2.2 ‘Space Vehicle Certification for Flight. upon
completion of the modified space vehicle qualification test
program, the vehicle test histor¥ shall be reviewed for
excessive test time and potential fatigue-type failure to
determine if the vehicle is acceptable for flight or if
refurbishment is required. If significant modifications are
incorporated or numerous components are refurbished or
replaced with new comﬁonents subsequent to qualification
testing, the space vehicle acceptance baseline specified in
7.1 shall be required prior to launch certification.

8.3 use OF THE QUALIFICATION vexrcre FOR FLIGHT

when the space vehicle used for vehicle level qualification
testing of 6.2 i1s planned for subsequent flight use, all
components shall be replaced with “new" components that have
passed the comfonent acceptance tests. The space vehicle 1Is
certified for flight when it satisfactorily completes the
vehicle level acceptance tests of Section 7.

8.4 OTHER STRATEGIES

Various combinations of strategy may be considered, depending
on specific program considerations and the degree of risk
deemed acceptable. For example, method 6.1.1 may be
combined with a vehicle qualified at reduced levels per
8.2.1 orwith the qualification vehicle per 8.3. In such
cases, the provisions of both methods apply, and the
resultant risk would be increased appropriately.

11. 2 RATIONALE FOR FI IGHT USE OF QUALIFICATION EQUIPMENT
REQUIREMENTS

Past test practices (per MIL-STD-1540A) implicitly
prohibited flight use of components or space vehicles subjected
to qualification test levels. MIL-STD-1540B recognize6 that
program consideration6 may dictate the flight use of
gualification test articles. The increased cost and complexity
of space vehicle6 in combination with mounting pressure for cost
reductions are the usual driving forces leading to this growing
practice of flying qualification test articles. Both component6
and space vehicles which have undergone environmental test at
gualification levels have been committed to an operational
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role. The conventional practice of retiring qualification
specimens from further service is still valid from a technical
point of view, since the reliable life remaining in an article
after the rigors of qualification testing cannot be established
with certainty. It is safer, in a technical sense, to test
flight components and vehicles to only acceptance test levels of
environment. These acceptance test levels represent the maximum
expected in service, but lie below qualification test levels by
the design margins. Driven by cost considerations, however,
some space vehicle programs have decided to fly their
gualification test articles. The operational performance of
such equipment in Air Force and NASA space vehicles has
generally proven satisfactory. In most cases, however, there
were modifications to the usual qualification test program to
reduce the risk of flying "wornout" test articles. It IS
likely that the practice of flying qualification test articles
will continue and expand. Guidance is therefore needed to
formulate appropriate qualification test programs for equipment
which will subsequently be used in service.

11.3 GUIDANCE FOR FLIGHT USE orF QUALIFICATION EQUIPMENT

MIL-STD-1540B recognizes that there are no standard.
criteria for fli?ht use of qualification equipment. It is noted
that the use of qualification equipment for flight presents a
higher risk than the use of standard acceptance-tested items for
flight. For items tested to their nominal design level (full
gualification), this higher risk is primarily due to the
uncertainties regarding fatigue margins and the uncertainties
regarding the remaining life in the test articles following the
ualification test. For items qualified to less than their full
esign levels (i.e., reduced environmental margins for _
gualification), the higher risk in using the test article6 is
primarily due to uncertainties regarding differences between the
test environments and the actual flight environments as well as
uncertainties regarding the fatigue and wearout limit6 of the
test units. If a reduced level qualification test is used, then
production variabilities may also increase the risk in using
other units that may only be acceptance-tested, i.e., tested to
the maximum predicted flight environmental range.

In order to discuss the posseible flight use of
gualification test articles, it is necessary to define the
various possible categories of the flight items. In this
discussion, it is assumed that the design environment6 for the
items are in accordance with the definition6 in MIL-STD-1540B,
Section6 3.8, 3.9, and 3.10 (see Section 5.1 in this handbook).
Full qualification testing means that the items are tested to
those design levels, and normal acceptance testing would
typically be to the maximum predicted environmental range during
flight. In this context, there are four possible categories of
flight items as defined in Table XVIII.
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TABLE XVI11. Possible Categories of Flight Itens.
Cat egory Descri ption
Cat egory | |tens that have passed al |l nornmal acceptance

tests and whose qualification is based upon
the full qualification testing of another
production unit

Category I Itens that have passed all nornmal acceptance
tests and whose qualification is based upon
reduced qualification testing of another
production unit

Category Ill | Atest itemthat has passed reduced |eve
qualification testing and is then used as a
flight unit

Category IV | Atest itemthat ha6 passed the ful
qualification testing and is then used as a
flight unit

Al t hough the conponents installed in a flight space vehicle,

particularly a production vehicle, are nornally Category I

Items, it is clear that any of the conmponent6 could Instead be
Category II, Category Ill, or Category IV itens. Simlarly, the
flight space vehicle into which the conponents are installead
woul d normal | y be a Category | item; however, it is also clear
that it could instead becone a Category Il, Category IIl, or
Category |V space vehicle, depending upon both the vehicle |eve
testing that 1s conducted on that flight vehicle and the
qualification testing conducted on a separate space vehicle.

The baseline test programoutlined in ML-STD 1540B assunes
that Category | conponents are used in a Category | flight
vehicle. That nay nean higher testing costs than other
alternatives, since it require6 a full qualification test
program on anot her set of conponents and a full qualification
test programon a separate space vehicle. This particular
subsection addresses ways to reduce the program costs W thout
increasing the risks beyond what is acceptable. Therefore, this
subsection WI| not address the baseline Category, i.e.,

Category | conmponent6 in a Category | space vehicle.
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Example A illustrates an extreme case. One could postulate
a program where only a single set of components is built and
installed in a single space vehicle. One could further
postulate that the components and the space vehicle are only to
be tested over the maximum predicted flight environmental range
(i.e., at normal acceptance test levels). The rationale in this
example would be that if there is only one set of hardware
produced, and if it is tested to the maximum predicted flight
environments, that should be enough to prove it is flightworthy.
In this example, the components are Category IlIl and the space
vehicle would be Category Ill. Certainly, the one set of
equipment used in this case is less costly than the two sets
required for Category I; and certainly, the one set of tests at
acceptance test levels is less expensive and will have fewer
failures than the two sets of tests required for Category |I.
The problem with this case is that the reductions in test levels
have completely eliminated any provisions for the environmental
design margin. The environmental design margin assures against
environments that may not adequately simulate flight
environments, allows retest without the risk of tatigue failure,
and provides for test equipment tolerances. For example, the
design margin accommodates the fact that the test environments
are a(j)éj_ll_ed one at a time, while in flight _the?/ are combined.
In addition, acceptance test levels are typically the maximum
predicted flight levels that may only be the 95th percentiles.
This means that more extreme flight levels might be expected on
some components at least some of the time, and that fact
increases the risk of failure during flight. It would therefore
seem unlikely that a space vehicle program would be willing to
accept the increased risks implied by Example A in the hope that
the total equipment and testing costs would be reduced.

Example B illustrates another case. It is assumed that the
gua_lificatio_n test articles that were tested over their full
esign environmental range (full qualification) were installed
on a flight space vehicle that was then given a full
ualification test. In this case, the components would be-
ategory IV and the space vehicle would also be Category IV.
Here the reduction in hardware costs and testing costs is
essentially the same as in Example A; however, since the test
levels are higher in Example B, there are added risks that the
items may not pass the tests. If the tests are satisfactorily
completed, the risk of having a flight environment exceed the
component or space vehicle test environments is greatly reduced,
and the probabilit%/ of mission success increases. On the other
hand, the potential for a component fatigue failure or wearout
has been increased due to the more severe testing in this
example. It would seem unlikely that a space vehicle program
would accept the increased risks implied by this example in the
hope that the total equipment and testing costs would be reduced.
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The examples given in Section 8 of MIL-STD-1540B for the
flight use of qualification test articles are intended to
present a more reasonable balance between increasing risks and
reducing costs than either Example A or Example B above. It is
important to recognize that the reduced qualification tests
discussed in Paragraphs 8.1.1 and 8.2.1 of MIL-STD-1540B are
suggestions and are not to be construed as recommendations or as

slgecific requirements.
t

In order to provide visibility regarding

ese reduced qualification test examples, Tables XIX
and XX compare the reduced qualification tests with standard

gualification test levels and durations.

TABLE XIX.

Flight Use of Qualification Components: Modified

Test Program--Reduced Level Qualification Test.

MIL-STD-1540B
Component
T es ts

Components for
Standard
Qualification Test
(Nonflight Use)

Qualification Com-
ponents for Flight
Use: Reduced Level
Qualification Test

Thermal
Vacuum

Test level has 10°cC

margin beyond max. &

min. predicted.
Minimum of 3 cycles.

Test level has sec
margin beyond max. &
min. predicted.
Minimum of 3 cycles.

Thermal
Cycling

Test level has 10°cC
margin beyond max. &
min. predicted.
Minimum of 24 cycles.

Test level has se°c
margin beyond max. &
min. predicted.
Minimum of 24 cycles.

Random
Vibration

Test level has 6 dB
margin beyond max.
predicted. Min. of

12 grms overall. Min.

of 3 min per axis.

Test level has 3 dB
margin beyond max.
predicted. Min. of
9 grms overall. Min.
of 3 min per axis.

Acoustic

Test level has 6 aB
margln beyond max.

predicted. Min. of
144 aB overall. Min.
of 3 min.

Test level has 3 4B
margi_n beyond max.
predicted. Min. of
141 @B overall. Min.
of 3 min.

Pyrotechnic
Shock

Test level has 6 dB
marg!n beyond max.
predicted. 3 shocks
per direction per

axis ;: 18 shocks total.

Test level has 3 dB
marg!n beyond max.
predicted. 3 shocks
per direction per
axis ; 18 shocks total
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TABLE XX. Flight Use of Qualification Space Vehicles; Modified
Test Program--Reduced Level Qualification Test

Space Vehicle for Qualification Space
MIL-STD-1540B Standard Qualification| vehicle for Flight
Space Vehicles | Test Use: Reduced Level
Tests (nonf light use) Qualification Test
Acoustic Test level has 6 aB Test level has 3 aB
margin beyond max. margin beyond max.
predicted. Min. of predicted. Min. of
144 d4B: min. of 3 min.}| 141 dB: min. of 1 min
Random Test level has 6 dB Test level has 3 dB
Vibration margin beyond max. margin beyond max.
predicted. Minimum predicted. Minimum
of 3 min per axis. of 1 min per axis.
Thermal Test level has 10°C Test level has 5°C
Vacuum margin beyond max. & margin beyond max. &
min. predicted. Min. min. predicted. Min.
of 8 cycles. of 4 cycles.

Table XIX shows examples of reduced qualification test
levels for qualification components intended for flight and a
comparison of these reduced test levels with standard
gualification test levels. Similar examples are shown in Table
XX for reduced qualification level space vehicle tests compared
with standard tests.

Note that the reduced qualification level component tests
are at one-half the design margins for full qualification
durations. The reduced qualification level space vehicle tests
are at one-half the design margins, and the test duration6 are
the same a6 the nominal vehicle acceptance test durations. This
strategy still provide6 a funnel effect to maximize test rigor
at the lower level of assembly. Other variations in strategy
are possible and should be considered, depending on specific
program considerations.

11.3.1 Guidance for Qualification Test Margins on
Qualification Equipment Used for Flight. Qualification test

requirement6 are established at level6 which exceed environment6
and stresses expected in operational service and in normal
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acceptance testing. This is acconplished by application of
environmental design margins to the maxi num antici pated extrenes
of the service environnent. In general, the maxi num expected
service environnmental condition is augnmented in terns of
anplitude and duration for dynam c and | oad-inducing
environments and in terns of tenperature range for thernal

envi ronnment s. Numerous considerations are involved in

determ ning appropriate margins. Only those which are affected
by a decision to fly qualification articles are treated herein.

11.3.1.1 Amplitude versus Tine. There is an uncertain
risk in using equipment with a relatively small remaining

fatigue life for flight. However, therisk of fatigue failure
can be reduced significantly by reducing qualification test
mar gi ns. In regard to the dynam c environnents, e.g., Vvibration

and acoustics, the fatigue life is nore strongly affected by
anplitude than by exposure duration. Assuming that stress
level 6 in a dynamc qualification test are above the endurance
l[imt (where fatigue danmage is accunul ated), a reduction in test
anplitude by a factor of two is expected to extend the fatigue
life' by nore than an order of nagnitude. This expectation Is
based upon study of fatigue characteristics of typical materials
used in space vehicles. Test duration provides an inportant
contribution to test effectiveness by allowing sufficient tine
to nonitor operational performance over an extended tine. |f
concern for possible fatigue damage during qualification tests
notivates a reduction in test requirenents, an anplitude
decrease is therefore better than a test duration decrease.

11.3.1.2 Fatiaue Danmae Concerns. When the decision is
made to fly -qualification equipnent, concern is often expressed

regarding the probable fatigue danage suffered by these article6
during qualification tests. .In response to this concern,
concessions are sonetinmes granted in terns of decreased test

| evel s and exposure duration in order to reduce the possibility
of fatigue failure during flight. Such reduction should be
cautious, since the rigorousness of thequalification test is
thereby dimnished. Although it is anticipated that the space
vehicle and conponents will not encounter flight conditions
exceedi ng. the maxi mum predicted environnments, sonme uncertainty
is inherent in the predictions. The design test nmargins were
established to conpensate for these and other uncertainties. A
reduction of the design test margin6 neans a reduction in the
qualification test levels which increases the risk that
unexpected event6 may exceed the equipnent design capability.

It is sonetimes argued that rather than increasing the risk of
fatigue failure in flight, the qualification test specimens are
lese risky, because they benefit from substantial test margins
relative to the comparatively benign flight environment.
Essentially it is argued that the higher the test margins, the
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lower the risk of flight damage. Also, later flight articles
tested at acceptance levels benefit from high qualification test
margins, because more acceptance test repetitions can occur
before the capability demonstrated by qualification is

exceeded. However, regardless of the margin applied in setting
gualification test levels, the life remaining in the
gualification test article is still undefined due to
uncertainties in estimating fatigue life.

11.3.1.3 Thermal Extremes. Thermal testing is generally
believed to be a less serious fatigue damage threat than dynamic
testing. The number of test temperature cycles and the test
exposure time are usually considerably less than the flight
environment. The number of thermal stress cycles is not
sufficient to provide the large number of stress reversals
required for fatigue failure. Thermal margins, which are fixed
increases in the maximum expected temperature ranges, do not
appear to influence fatigue life as strongly as the ratio-type
margins of dynamic and load environments. The hazard in testing
flight equifpment to qualification temperature extremes lies in
the risk of exceeding the temperature design limits of the
hardware, but this risk is generally small. In most cases, the
gualification temperatures may be used for flight hardware with
a relatively low risk.

11.3.1.4 Vehicle Desicrn. Another ingredient involved in
gualification test margins Is the space vehicle design
philosophy. Most space vehicles incorporate a high degree of
redundancy in_system design by using redundant strings of
components. This redundancy iIs enhanced by cross-strapping of
individual components from one string to another.

With redundant components, it is assumed that only one of
the components has been qualification-tested and that the other
has been acceptance-tested. For this case, if qualification-
tested equipment is used in one string and standard acceptance-
tested equipment is in the other string, a decision must be made
as to which string should be active initially, and which string
should remain dormant until required. Consideration should be
given to the somewhat higher risk of fatigue failure for the
gualification-tested equipment in one string, and the decision
should be made accordingly.

For mission-critical nonredundant applications, it appears
safest to fly standard acceP'gance-teste_d_ components that were
gualified using other nonflight qualification units.

11.3.1.5 Number of Plight Articles. Full qualification
testing is performed to show that the generic equipment can

operate at environmental levels that are more extreme than
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predicted. This provides confidence that variabilities among
flight articles and uncertainties in the testing and in the
prediction of environments are accounted for. At the same time,
a higher qualification test level adds some risk of fatigue or
other damage to the test article.

If the number of flight articles is large, no reduction of
qualification test levels may be appropriate. Although higher
qualification test levels may add some risk of fatigue damage to
the qualification test article, they add much confidence in the
adequacy of the generic design. Successful completion of
gualification tests with larger margins also allow an increased
number of repetitions of acceptance tests of subsequent copies
without fear of fatigue damage. The articles following the
gualification article may be acceptance-tested only.

If just one or two flight articles are involved, the
qualification equipment used for flight represents a large
?ercenta e of the total build. In order to minimize the risk of
atigue damage to this equipment, a reduction in qualification
tests may be appropriate as shown in Tables XIX and XX of this
document. 1f relatively small variability exists between
production articles, the second and other articles following the
first article that was given a reduced qualification test may be
acceptance-tested only. If considerable variability exists,
those generic follow-on articles are recommended to be
gualification-tested with the same qualification margins as the
first flight article.

11.3.1.6 Consistency with Level of Assembly. The
advisability of maintaining consistent qualification margins for
testing at different levels of assembly is sometimes
questioned, However, the relationship of test rigor and level
of assembly is purposeful. It is intended to aid_in early
identification of environmental susceptibility. This *f unnel
effect” is best preserved by maintaining consistent margins in
both component and space vehicle testing. If test requirement6
are consistent and properly established, the system level test
will approach, but not excéed, the stress level of component
test margins.

11.3.2 Guidance for Avplication Strategy on Flight Use of

ificati Equipment. Beyond the consideration of test
margins, a number of £light- and test-related questions may
arise. should components which have been tested to
gualification levels be used to assemble the qualification test
vehicle, or should the vehicle be built from components tested
at acceptance levels? If the latter, how should qualif ication-
tested components be ntilized? Should they serve as flight
spares? Should qualification test components be refurbished and
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retested at acceptance levels prior to flight? What constitutes
refurbishment? In what order should the qualification test
vehicle be flown relative to other flight vehicles? Some views
on these questions are in the following text. The treatment is
not intended to be prescriptive but to provide points for
consideration.

11.3.2.1 Use of Qualification Components in Qualification
Vehicle. In general, 1t appears reasonable to use the
comf)_o_nent_s subjected to qualification testing to build the
qualification test vehicle. Testing at lower levels of assembly
is normally more rigorous environmentally than at higher levels
of assembly, to aid in early problem identification.

Therefore, during the vehicle qualification test, the
gualification components will accumulate fatigue damage at a
relatively lower rate than they did during component
qualification. The idea of containment of the fatigue risk
within a single flight vehicle is also worthy of consideration.
In any event, space vehicles with adequate redundancy can
provide backup for the qualification components with redundant
components which have not been exposed to component
qualification test levels. The risk of catastrophic failure
causing loss of the mission is thereby diminished. This benefit
S !jost, however, if internally redundant component designs are
used.

11.3.2.2 Use of Qualification Components as Spares.
Some believe that the qualification test components are best
utilized as spares to be used in the factory as needed and flown
only if needed, and that the qualification test vehicle should
be fabricated with acceptance-tested components. This strategy
appears prudent if the program makes no other provisions for
spares. In that case, it should be understood that these
gualification test components may be flown as needed without
reservation. This does not eliminate concerns with fatigue
damage. Spare units are subject to rework due to engineering

design changes or part replacement while on the shelf. Such
modification usually requires additional environmental
acceptance testing to validate the rework. In this manner,

qualification components used as spares may accumulate much more
test time than the normal acceptance test units. This should be
considered in estimating the risk.

11.3.2.3 Refurbishment. The question of refurbishment

of qualification equipment is ambiguous. It infers that
equipment exposed to qualification test levels requires
inspection or perhaps upgrade or repair. It may be prudent to

replace delicate mechanism6 (such as precision bearings) which
could suffer life-limiting damage that is difficult to

149



M L- HDBK- 340 ( USAF)
01 JULY 1985

i medi ately detect. However, the advisability of partia
disassembly, inspection, and rework of suspect area6 in
qualification conponent6 on a routine basis should be

guest i oned. Such rework usually inposes a requirenent that
environmental acceptance tests be conducted after reassenbly.

Di scovery of incipient fatigue failure6 (which would
require rework) is highly uncertain. In fact, conponent
construction with foam sealant6 or potting conpounds, and use of
many extrenely small parts, mnake6 visual inspection difficult.
Aside from rework necessitated by nandatory engineering change,
repl acement of suspect parts, and nechani sns whose |ife is
di m ni shed by test exposure, refurbishnment does not appear
fruitful and tend6 to add further test exposure to the equipnent.

11.3.2.4 FELiaht Strateav. The decision concerni ng when
to fly the qualification test vehicle nust be based on limted
experi ence. In the normal situation, where the first vehicle
built is qualification-tested, it seenb logical to fly it
first. Past successes indicate that the risk O latent fatigue
or over-stress failure is |ow. Furthernore, the |onger the
gualification test vehicle remain6 in the manufacturing
facility, the nore likely it is to be reworked and retested.
Due to rapidly advancing technology, it is also subject to
obsol escence due to redesi gned conponents. A6 long a6 the
qualification test conponent6 have been built to ful
flight-quality standards, it appear6 logical to fly the vehicle
a6 soon a6 possible. This often would rmake it the first flight

article. Production or |aunch schedules may dictate that the
second production unit be conpleted prior to conpletion of all
gqualification tests on the first unit. This woul d usually

result in designating the qualification unit a6 a |aunch spare
and then a6 the second flight article.

11.3.3 Summary of Quidance for Qualification Test Margins
and for Fliaht Use of Qualification Equipment. The follow ng
summary is a guide for structuring an environnmenta
qualification test program for test article6 to be used a6
flight hardware:

a. For dynamic tests, reducing the qualification
margin in tern6 of anplitude rather than tine
cause6 |ess fatigue danage and permts nore
t horough performance testing.

b. Regardl ess oftest margins, the fatigue' damage
sustained by qualification specinen6 is undefined.
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From a possible fatigue damage viewoint, there
is less necessity for reducing test margins for
thermal qualification tests than for dynamc
tests.

Redundant system design reduces the mssion risk
associated wth flying qualification-tested
equi pment .

A program planning to build a significant nunber
of the sane space vehicles may benefit by

mai ntaining larger design (qualification test)
mar gi ns.

Consistent test margins at different levels of
assenbly woul d appear appropriate in nost cases.

Building the qualification test vehicle with
gualification-tested conponent6 represents a
reasonabl e approach

For sone conponents, general refurbishment of the
qualification test article may not be desirable
and may even be harnful.

If the qualification test vehicle is to be flown,
there appear6 to be little value in delaying the
flight until later in the program

The use of qualification-tested conponents as
initial factory checkout units, or as flight
spares to be used only if needed, has been a
successful policy on many space prograns.
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SECTI ON 12
PRELAUNCH VAL| DATI ON TESTS

12.1 PRELAUNCH VAL| DATION TEST DESCRI PTI ON

12. 1.1 _Standard Criteria. Contents of Paragraphs 9.4,
9.4.1, 9.4.3, and 9.4.4 of MIL-sTD-1540B (description o f
prelaunch validation tests) are as follows:

9.4 PRELAUNCH VALIDATION TEST DESCRIPTIONS. The prelaunch
validation tests shall exercise and demonstrate satisfactory
operation of the space vehicle through all of its mission
phases, to the maimum extent practical. Test data shall be
compared to corresponding data obtained in factory tests to
Identify trends which indicate performance degradation

wi thfn specification limits. Each test procedure used shall
include test limits and success criteria sufficient to
permit arapid determination as to whether or not processing
and integration of the vehicle should continue. However,
the final acceptance or rejection decision, inmost tests,
depends upon the results of post-test data analysis.

9.4.1 Functional Test. Electrical functional tests
shall be conducted that duplicate, as nearly as posslble,
the factory functional tests of 7.1.1.2. Mechanical tests
for leakage, valve and mechanism operability, and fairing
clearance shall be conducted.

9.4.1.1 Simulators. Simulation devices shall be
carefully controlled and shall be permitted only when there
is no feasible alternative for conducting the test. When it
is necessary to employ simulators in the conduct of
prelaunch val | da tion tests of the space vehicle, the
interfaces disconnected in the subsequent replacement of the
simulators with flight hardware shall be revalidated.
Simulators shall be used for the validation of ground
support equipment prior to connecting it to flight hardware.

9.4.1.2 Explosive clrcul ts. when explosive circuits
are involved, approved simulation devices shall be used
where appropriate. Before connection of pyrotechnic devices
to their respective circuits, line continuity checks shall
be made for the presence of the "Pire” signal at the squib
connection when commanded. A line continuity stray voltage
check shall be made immediately prior to the connection of
any pyrotechnic device, and this check shall be repeated
whenever that connection is opened and prior to
reconnection.
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9.4.3 Integrated System Tests. Total launch system
readiness shall be demonstrated through an integrated, fully
assembled launch systems test prior to f%ight. Thfs test
shall ‘include an evaluation of radio frequency (zf)
Interference between system. elements, electrical power
Interfaces, and the command and control subsystems. On a
new space vehicle design or a significant design change to
the telemetry, tracking, or receiving subsystem of an
existing space vehicle, a test shall be run on the first
vehicle to ensure nominal operation and that pyrotechnics
(simutators) do not fire when the vehicle is subjected to
the worst case range electromagnetic interference
environment.

9.4_.4 compatibility Test. ONn-Oorbit Suystem

9.4.4.1 purpose. This test validates the
compatibility of the space vehicle and the on-orbit command
and control network. For the cIJurpose of establishing this
testfng baseline, itis assumed that the on-orbit command
and control network isfor operationally interfaces with)
the Air Force Satellite Control Facility farscr). This test
demonstrates the ability of the space vehicle, when in
orbit, to properly respond to the AFSCF hardware, software,
and operations team as specified in the AFSCF Orbital
support Plan. For programs which have a dedicated ground
station, compatibility tests shall also be performed with
the dedicated ground station.

9.4.4.2 Test Description. Facilities to perform
on-orbit System compatibility tests exist at the western
Test Range (wTrR) and the Eastern Test Range (ETr). At both
locations, the AFSCF can command the space vehicle and
process telemetry from the space vehicle as well as perform
tracking and ranging, thus verifying the rf compatidility,
the command software, and the telemetry modes. The tests
include the following:

a. \Veriffcatfon of rf, analog, and digital
?c_)m atibility of command, telemetry, and tracking
inks.

b. Verification of AFSCF capability to control the
space vehicle using single, block, unsecure, and
secure commands as required for on-orbit support.

c. Verification of APscP capability to process,

display, and record space vehicle telemetry link
or links as required for om-ozbit support.
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d. Verification of AFSCF capability to track the
space vehicle using angle, doppler, and range
tracking as required for on-orbit support.

9.4.4.3 Supplementary Requirements. Thfs test should
be run as soon as feasible after the space vehicle arrives

at the launch base. The test is made with every space
vehicle to verify system interface compatibility. The test
shall be run using the software model versions that are
integrated into the operational on-orbit software of the
space vehicle under test. Apreliminary compatibility test
may be run prior to the arrival of the space vehicle at the
launch base by the use of prototype subsystems, components,
or simulators as required to prove the interface.
Preliminary compatibility tests may be run using preliminary
software. Normally, apreliminary compatibility test is run
once for each series of space vehicles to check desfgn
compatibility, and s conducted well in advance of the first
launch to permit orderly correction of hardware, software,
and procedures as required. Changes in the interface from
those tested inthe preliminary test shall be checked by the
compatibility tests conducted just prior to launch.

12.1.2 Rationale for Prelaunch Validation Tests. The
purpose of the prelaunch validation tests Is to verity by
end-to-end tests that each critical path in the launch system,
in the on-orbit system, and in the reentry system is
‘satisfactory; i.e., there are no out-of-tolerance conditions or
anomalous behavior. Duplication of the factory functional tests
Is also intended to provide data for trend analysis that might
provide evidence of a problem, even though all measurements were
within tolerances. Whether electrical, mechanical, or both, all
critical paths or circuits shall be verified from the
application of the initiating signal through completion of each
event. This testing is intended to verify that an event command
or signal was properly generated and sent on time, that it
arrived at its correct destination, that no other function was
performed, and that the si?nal was not present other than when
programmed. Once successfully accomplished, that particular
critical path or circuit is considered validated. Not all
end-to-end tests can be performed with only flight hardware, as
in the case where an explosive event is involved. |n cases
where end-to-end testing cannot be performed with the flight
hardware, apPrOEriate simulation devices should be used to
exercise the flight hardware to the maximum extent possible.
Simulation devices should be carefully controlled and should be
permitted only when there is no feasible alternative for
conducting the test. All of the events that occur during the
mission profile should be tested in the flight sequence to the
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extent that is practical. The space vehicle should be operated
through the ascent sequence, separation and engine ignition
phase, orbital injection, on orbit, and if applicable, recovery
phase. Redundant components and subsystems should also be

. validated in the same manner.

12.1.3 Guidance for Use of Prelaunch Validation Tests.
Because signals or commands can be communicated to the space
vehicle in a variety of ways, no single end-to-end test
configuration can be defined. Consequently, the term
“end-to-end test” was not used in MIL-STD-1540B, but the
prelaunch validation tests described include the classical
functional tests, end-to-end tests, and sequential tests defined
in other documents. The end-to-end tests should include
negative logic tests to verify lockout, to assure that no other
function than the intended function was performed, and that the
signal was not present other than when programmed.

For the space shuttle cargoes that have a link through the
orbiter, the end-to-end test includes verification of orbiter to
cargo interfaces through an orbital functional simulator prior
to cargo installation 1n the orbiter.

The compatibility of the space vehicle and the on-orbit
command and control network is a further part of the system
end-to-end testing.

12.2 PROPULSION SYSTEM LEAK AND FUNCTIONAL TEST
12.2.1 Standard Criteria. Contents of Paragraph 9.4.2

of MIL-STD-1540B (requirements for propulsion system leak and
functional test) are as follows:

9.4.2 propulsion Sustem Leak and Functional Test. A
functional test of the space vehicle propulsion subsystem
shall be conducted to verify, to the maximum practical
extent, the proper operation of all components.

ProLJulsion system leakage rates shall be verified to be
within allowable limits.

12.2.2 Rationale for Propulsion System Leak and Functional
Test Requirements. Functional testing of the propulsion
subsystem i1s conducted to verify that all components are
operating properly. Leakage testing of the propulsion subsystem
iIs performed to verify that space vehicle transport and handling
has not degraded the previously factory-tested system.

12.2.3 Guidance for Use of PropulsionSsystem | eak and
Eunctional Test Reauirements. Prior to leakage testing, a
pressure test at maximum expected operating pressure (MEOP) is
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recommended. Leakage rates are recommended to be verified at
the MEOP unless specified otherwise. However, testing should be
conducted at the minimum pressure if the valves or fittings have
a greater tendency to leak at minimum operating pressures than
at maximum.

If the structural integrity of the system has been violated
since the time that the last proof pressure test was conducted,
a proof pressure'test prior to leakage test is recommended. All
pressure tests at the launch site should be performed within the
requirements imposed by the existing range safety requirements.
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13.2 MIL-STD-1540B PARAGRAPH CROSS REFERENCE | NDEX

The cross reference in the following Table XXI is provided
to indicate which paragraph6 ofML-STD 1540B are discussed in
this handbook, and to identify the paragraph nunber6 and page
numbers of the corresponding discussion in the handbook.

Par agraph6 of M L-STD 1540B that are not listed in this cross
reference are not specifically addressed in the handbook.

161



M L- HDBK- 340 ( USAF)
01 JULY 1985

TABLE XXI. Cross Reference Index to M L-STD 1540B Paragraphs
M L- STD- 1540B M L- STD- 15408 TH'S HANDBOX™ S
PARAGRAPH PARAGRAPH CORRESPONDI NG
NUMBER TITLE PARAGRAPH PAGE

1.2 Application........... ... .. ... .. ... 4.1 5
3. DEFIN TIONS
3.4 Burs-t Pressure.............. . e 5.7 24
3.8 Design Environments, Space Vehicles.... 5.1 9
3.9 Desi gn Environnents, Space Vehicle

Components........ ... 5.1 9
3.12  Environnental Design Margins........... 5.1 10
3.18 Limt Load............. .. .. .. ... .. .. .. 5.2 14
3.20  Max. Pred. Acoustic Environnent........ 5.3 15
3.21 Max. Pred. Operating Pressure.......... 5.7 24
3.22 Max. Pred. Pyrotechnic Shock Environnent 5.4 17
3.23 Max. Pred. Random Vibration

Environment........... ... ... .. ..., 5.9 18
3.25 Max. and Mn. Pred. Conponent

Tenperatures.......... .. ..oooovin.n. 5.6 20
3.34  Proof Pressure.......... e 5.7 24
3.45 Thermal Uncertainty Mrgin............ 5.6 20
3.46 Utimate Load.......................... 5.2 14

F

4,  GENERAL REQU REMENTS
4.1 Testing Philosophy............... e For ewor d i
4.1.5. Reusabl e Flight Hardware Testing... 6.1 27
4.2.2 Test Condition Tolerances........... 5.1 11
4.2.3 Tailoring ............ ... ... ......... 6.2 34
4.3 Retest ... ... 6.3 40- 60
4.4 Test Data AnalysiS..................... 6.4 60
5. DEVELCPMENT TESTING.......... ..., 7.1, 7.2  63-65
6. QUALIFI CATION TESTI NG
6.2 Space Vehicle Qualification Tests...... B.1 --- 67-95
6.2.3 Acoustic Test, Space Veh. Qual...... 8.2.1 76
6.2.4 Vibratian Test, Space Veh. Qual..... 8.3 79
6.2.5 Pyro. Shock Test, Space Veh. Qual. 8.4.1 79
6.2.6 Pressure Test, Space Veh. Qual...... 8.5 82
6.2.7 Thermal Vacuum Test, Space Veh. Qual 8.6.1 85
6.2.8 Thermal Balance Test, Space Veh. oQual 8.7 90
6.2.9 Thermal Cycling Test, Space Veh. oual 8.8.1 93

(Continued on next page)

162




M L- HDBK- 340 ( USAF)
01 JULY 1985

(Continued on next page)
163

TABLE XXI. Cross Reference Index to MiL-STD-1540B Paragraphs
J ) (Conti nued) |
[MIT-STD-15408B MIL-STD-1540B TH1S . HANDBOOK 'S
. PARAGRAPH PARAGRAPH -  /CORRESPONDING .
NUMBER TI TLE - - PARAGRAPH PACE

6.3.1 Structural Static Load Test, '

Subsystem Qualification......... 8.9 98- 104
6. 4 Component Qualification Tests......... 9.1 105- 115
6.4.2 Thermal Vacuum Test, Conponent Qual. Table X 111
6.4.3 Ther nal cling Test, Conponent Qual. Table IX 112
6.4.5 Random Vi bration Test, Conponent Qual.Table Xl 114
6.4.6 Acoustic Test, Conponent al....... Table X1l 114
6.4.7 Pyro. Shock Test, Conponent Qual.... Table X 113
6.4.10 Pressure Test, Conponent Qual....... 9.2 115
6.4.11 Leakage Test, Conponent Qual........ 9.3 120
6.4.13 Life Test, Conponent Qual........... 9.4 123
6.5 Subassenbly Level Qualification Tests.. 10 129- 136
7. ACCEPTANCE TESTS
7.1 Space Veh. Acceptance Tests............ 8.1 68- 75
7.1.3 Acoustic Test, Space Veh. Accept.... 8. 2. 75
7.1.4 Vibration Test, Space Veh. Accept... 8.3 80
7.1.5 Pyro. Shock Test, Space Veh. Accept. 8. 4. 81
7.1.6 Pressure Test, Space Veh. Accept.... 8.5 83
7.1.7 Thermal Vacuum Test, Space Veh.

Acceptance....................... 8. 6. 89
7.1.8 Thermal Cycling Test, Space Veh.

Acceptance.............. ... 8. 8. 96
7.3 Conponent Acceptance Tests............. 9.1 107-115
7.3.2 Thermal Vacuum Test, Conmp. Accept... Table X 111
7.3.3 Ther mal Oécll_ng Test, Conp. Accept.. Table 1x 112
7.3.4 Random Vibration Test, Conp. Accept. Table X | 114
7.3.5 Acoustic Test, Conp. Acceptance..... Table X1 114
7.3.6 Pyrotechni ¢ Shock Screening Test,

Conponent  Acceptance............. Table X 113
7.3.9 Burn-in Test, Conponent

Acceptance................ 9.5 6 Table XIV 115, 125
7.4 Subassenbly Level Acceptance Tests..... 10 129- 136




M L- HDBK- 340 ( USAF)
o1 JULY 1985

TABLE XXI. Cross Reference Index to ML-STD 1540B Paragraphs

(Concl uded)
M L- STD- 15408 M L- STD- 1540B TH S HANDBOK' S
PARAGRAPH PARAGRAPH CORRESPONDI NG
NUMBER TITLE PARAGRAPH PACE
8. FLIGHT USE OF QUALIFI CATI ON EQUI PMENT.. ... 11 137- 156
8.1 Use of the Qualification Conmponents
for Flight..... 11, Table VII, & Table XX 138- 151
8.2 Use ofthe Flight Vehicle for Space Vehicle
Level Qual...... 11, Table VI1, & Table XX 138-151
9. PRELAUNCH VALI DATION TESTS
9.4 Prel aunch Validation Test Descriptions
9.4.1 Functional Test..................... 12.1 153
9.4.2 Pro'g_ul sion System Leak and
unctional Test.................. 12.2 156
9.4.3 Integrated Systems Test............. 12.1 153
9.4.4 Compatibility Test, On-orbit Systens 12.1 154
Cust odi ans Preparing Activity
Air Force - 19 ' Air Force - 19

(Project No. 1810-F031)

Docunent o0126ée/Arch 0202b
Docunent o©0127e/arch 0202b
Docunent o0129e/Arch 0203b
Docunent 0130e/Arch 0203b

164

U.8. GOVERMNENT PRINTING OFFICE: 1908 - 508-038/23242



RUCTIONS: In a continuing effort to make our standardization documents better, the DoD provides this form for use in
itting comments and suggestions for improvements. All users of military standardization documents are invited to provide
stions. This form may be detached, folded along the lines indicated, taped along the loose edge (DO NOT STAPLE}, and
d. In block 5, be as specific as possible about particular problem areas such as wording which required interpretation, was
igid, restrictive, loose, ambiguous, or was incompatible, and give proposed wording changes which would aleviate the

ems. Enter in block 6 any remarks not related to a specific paragraph of the document. If block 7 is filled out, an
»wledgement will be mailed to you within 30 days to let you know that your comments were received and are being
dered.

£. This form may not be used to request copies of documents, nor to request waivers, deviations, or clarification of
ieation reguirements on current contracts. Comments submitted on this form do not congtitute or imply authorization

ive any portion of the referenced document(s) or to amend contractual reguirements.
& U.S. Government Printing Oftice: 1982—340079/3004

(Fold along this line)

(Fold along this line)

NO POSTAGE
NECESSARY
i{F MAILED
IN THE

UNITED STATES

wovsness e | BUSINESS REPLY MAIL

FIRST CLASS PERMIT NO. 72221 WASH DC

POSTAGE WILL BE PAID BY H™@ U.8. All) *ORCE

SD/ALM

P. 0. Box 92960

Worldway Postal Center

Los Angel es, CA 90009-2960



(TO DETACH THIS FORM, CUT ALONG THIS LINE.)

r‘

STANDARDIZATION DOCUMENT IMPROVEMENT PROPOSAL
{See Instructions - Reverse Side)

1. DOCUMENT NUMBER 2. DOCUMENT TITLE Application Guidelines tTor
MIL-HDBK-340 (USAF) MIL-STD-1540B; Test Requirenents for Space Veh
-Q:NAME OF SUBMITTING ORGANIZATION 4. TYPE OF ORGANIZATION (Merk ¢

l i VENDOR
O uses

D MANUFACTURER

b. ADDRESS (Street, Ctty, State. ZIP Codej

D OTHER {Spevify):

6. PROBLEM AREAS
. o Paragraph Numbser and Wording:

b. Recommaended Wording:

c. Resson/Ratiomsiefor Recommaendation:

-J6:REMARKS
7a.. NAME OF SUBMITTER (Last, First, Ml) = Optional b. WORK TELEPHONE NUMBER (I
Codej — Optionai
Ko, MAILING ADDRESS (Street. City, State, ZIP Code) ~ Optionsl 8. DATE OF SUBMISSION (YVMM.

I R

nn FORM “1 ‘96 PREVIOUS EDITION IS OBSOLETE.



